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Results  are  presented  of  a preliminary  problem  definition  study  on 
propellant  related  chemicals.  The  purpose  of  this  study  was  to  determine  the 
Army's  responsibility  for  conducting  further  research  on  these  chemicals 
to  determine  toxicological  and  environmental  hazards,  so  that  effluent  stan- 
dards can  be  recommended.  Both  civiliun  and  military  uses  of  the  chemical 
were  evaluated. 
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I j EXECUTIVE  SUMMARY 

The  goal  of  the  preliminary  problem  of  definition  study  on  propellant- 
related  compounds  was  to  assess  the  Army's  responsibility  for  conducting 
additional  toxicological  and  environmental  evaluations  on  these  compounds. 

The  specific  propellant-related  compounds  evaluated  during  this  program  were 

- ethyl  centralite 

- diphenylamine 

- diethyleneglycol  dinitrate 

- 2-nitrodiphenylamine  J 

- N-nitrosodiphenylamine  / 

- the  phthalate  esters  (diethyl, -dibutyl-and  diethylhexyl-)  S 

- triacetin  / 

- lead  salicylate  

- lead  stearate  

-• — — -load  ragfirryl  ac.a • 

^In  order  to  assess  the  Army's  responsibility  for  conducting  further  Btudies 
on  these  compounds,  the  civilian  and  military  production,  usage  and  pollution 
of  each  compound  were  comparatively  evaluated.  A preliminary  overview  of 
the  toxicological  and  environment  hazards  was  also  made..  The  recommendations 
for  each  compound  are  summarized  in  Table  S-l.  The  resultfr^md  recommenda- 
tions are  summarized  below.  I 

Ethyl  Centralite 

Ethyl  centralite  is  a stabilizer  used  in  solid  propellant  formulatiorife^ 
in  percentages  from  0.02  to  6.5 7..  Current  consumption  of  the  chemical  at  \ 
Radford  AAP  is  372,000  lb/year.  Discharges  of  ethyl  centralite  into  the 
New  River  ara  estimated  at  300  to  530  lb/month  at  current  operation  levela. 

At  full  mobilization,  1.8  million  lb/year  would  be  used  by  Radford  AAP  alone. 
Discharges  up  to  2500  lb/month  could  occur. 

At  the  present  time  there  are  no  producers  of  ethyl  centralite  in  the 
United  States.  There  is  one  manufacturing  facility  for  ethyl  centralite  in 
the  United  States,  however;  it  is  currently  not  operational.  The  supplies 
of  ethyl  centralite  are  obtained  from  French  or  German  sources. 

Only  one  mammalian  toxicity  study  on  ethyl  centralite  was  uncovered 
during  this  preliminary  overview.  These  researchers  found  an  intraperltoneal 
LD50  of  200  mg/kg  for  mice.  In  an  aquatic  toxicity  study  with  salmon,  ethyl 
centralite  was  shown  to  be  extremely  toxic  to  aquatic  life. 

Thus,  ethyl  centralite  iB  a compound  that  is  unique  to  propellant 
manufacturing.  Since  the  military  is  one  of  the  main  formulators  of  pro- 
pellants, ethyl  centralite  can  be  considered  s military  unique  chemical. 
Therefore,  it  is  recommended  that  the  Army  initiate  the  following  studies  to 
further  evaluate  the  toxicological  and  environmental  hazards  of  ethyl 
centralite: 


Toxicological  Environmental 

Compound  Evaluations  Evaluations  Additional  Recommendations 
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- a Phase  II  detailed  literature  evaluation 

- analysis  of  sediment  and  biota  samples  from  Radford  AAP 

- aquatic  toxicity  studies  if  the  literature  evaluation 
reveals  the  need  for  more  information 

Diphenylamine 

Diphenyl amine  is  used  in  single  base  solid  propellant  formulations 
produced  by  the  solvent  process  at  Radford,  Sunflower,  Badger  and  Indiana 
Army  Ammunition  Plants  (AAP).  It  is  present  in  the  propellants  in  amounts 
ranging  from  0.5  to  1.7%.  Current  use  of  diphenylamine  at  Radford  AAP  is 
120,000  lb/year.  At  full  mobilization,  1,284,000  lb/year  of  diphenylamine 
would  be  formulated  into  propellants  at  Radford  AAP.  Estimated  discharges 
of  diphenylamine  into  the  New  River  are  between  1600  and  2650  lb/month  at 
full  mobilization.  If  all  four  propellant  plants  were  utilizing  this 
chemical  at  approximately  the  same  full  mobilization  rate,  the  Army  would 
need  5,136  million  lb  of  diphenylamine  per  year. 

Diphenylamine  is  used  in  the  civilian  community  as  an  intermediate  for 
a variety  of  dyes  and  as  an  antioxidant  for  rubber.  In  1974  civilian  pro- 
duction of  this  compound  was  39.9  million  lb/vear.  This  production  rate 
will  increase  as  the  dye  and  rubber  market  grows  and  as  planned  new  diphenyl- 
apine  production  facilities  become  operational. 

Diphenylamine  is  moderately  toxic  to  mammals  in  acute  doses.  The  major 
problem  of  chronic  exposure  to  this  chemical  is  the  presence  of  4-amino- 
biphenyl  as  an  impurity.  The  presence  of  this  carcinogen  has  overshadowed 
some  of  the  results  of  chronic  exposure  studies  with  diphenylamine. 

Diphenylamine  is  highly  toxic  to  aquatic  organisms  with  48  hour  LC50 
ranging  from  0.35  to  3.2  ppm.  Microorganisms  are  able  to  produce  nitrosamine 
from  nitrate  and  diphenylamine.  These  compounds  can  be  further  degraded. 
However,  their  effect  on  the  environment  has  not  been  resolved. 

Diphenylamine  is  not  a military  unique  chemical.  The  current  Army  use 
rate  of  this  chemical  is  only  0.02%  of  the  1974  civilian  production.  At 
full  mobilization,  the  Army's  needs  could  increase  to  13%  of  the  1974  pro- 
duction. Sufficient  information  is  not  available  to  assess  the  civilian 
pollution  of  this  chemical.  The  pollution  of  this  chemical  resulting  from 
current  propellant  manufacture  at  Radford  AAP  is  estimated  at  1800  to  3000 
3b/year.  This  uischarge  is  probably  ^5%  of  that  from  civilian  production 
and  use.  Therefore,  the  Army's  responsibility  for  further  research  on  this 
chemical  is  questionable.  However,  due  to  the  high  aquatic  toxicity  of 
diphenylamine,  very  low  levels  (12ppb)  have  been  suggested  for  protection 
of  aquatic  organisms.  If  this  suggested  level  is  adopted,  the  Army  may  not 
be  able  to  meet  the  effluent  standard.  Therefore,  it  is  recommended  that 
the  following  studies  be  undertaken 

- Sampling  and  analysis  at  Radford  be  performed  to  determine  the 
quantity  of  the  compound  entering  the  New  River 
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A literature  evaluation  oi.  the  fate  of  this  chemical  in  the 
ecosystem  and  in  proposed  treatment  facilities 


- Depending  on  the  results  of  the  literature  evaluation,  experi- 
mental studies  on  the  fate  of  this  compound  may  he  necessary. 

Die thy leneglvcol  Din it rate 

Diethyleneglycol  dlnitrnte  is  used  exclusively  as  a high  energy  plas- 
ticizer for  propellants.  Current  U.  S.  production  capacity  is  25,000  lb/year. 
The  only  Army  use  of  this  chemical  in  the  past  several  years  has  been  three 
55  gallon  drums.  This  material  was  produced  and  used  at  RAAP  for  formulation 
of  M-37  propellant. 

Due  to  the  limited  use  of  diethyleneglycol  dinitrate  by  the  Army,  this 
compound  should  be  a low  priority  for  further  evaluation  by  the  Army.  However, 
ii  tuture  plans  call  for  large  production  of  M-37,  then  a detailed  evaluation 
of  the  toxicological  and  environmental  hazards  of  this  compound  would  he 
warranted . 


2-Nit  rod i phony  lam ine 

2-ni trod ipheny. I amine  is  widely  used  as  a stabilizer  in  double-base 
solid  propellant  formulations.  It  is  found  in  the  formulations  in  concen- 
trations of  0.9  to  3. On.  Radford  is  the  only  operational  Army  Ammunition 
Plant  which  is  using  2-nitrodiphenylamine.  badger  and  Sunflower  also  use 
this  compound  when  they  are  operational. 

Current  use  rate  of  2-nitrodiphenylamine  at  Radford  AAP  is  '\6000 
Ib/month.  At  full  mobilization  the  Radford  AAP  use  rate  for  this  compound 
is  6000  - 7000  lb/month.  It  is  expected  that  at  full  mobilization  the 
usage  of  2-nitrodiphenylamine  at  the  Badger  and  Sunflower  AAPs  would  he 
approximately  the  same  as  at  Radford  AAP . Thus  a total  of  252,000  lb/year 
of  2-nitrodiphenylamine  could  he  used  by  the  Army. 

There  is  only  one  civilian  producer  of  2-nitrodiphonvlamino.  The 
civilian  capacity  is  estimated  at  >250.000  lb/year.  The  only  civilian  use 
ot  .-nit rodipheny famine  is  as  a chemical  intermediate  in  the  dye  industry. 
However,  civilian  companies  that  make  solid  rockets  could  purchase  some  of 
this  compound.  The  extent  of  these  purchases  is  unknown. 

At  current  production  levels,  Radford  utilizes  of  the  estimated 

civilian  production  capacity  of  2-nitrodiphenylamine.  With  three  plants 
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at  full  mobilization,  the  Army  would  purchase  ^100%  of  the  estimated  civilian 
production  capacity  of  this  chemical.  Under  current  operational  conditions, 
the  Army  may  be  one  of  the  main  polluters  of  2-nitrodiphenylamine.  The 
percentage  of  the  total  2-nitrodiphenylamine  pollution  eminating  from  Army 
propellant  manufacturing  is  impossible  to  determine,  due  to  the  unavail- 
ability of  civilian  production  statistics. 

Limited  mammalian  toxicology  studies  indicate  2-nitrodiphenylamine  is 
not  very  toxic  in  acute  doses  (LD50  for  rats  * 6.15  g/kg).  Limited  studies 
concerning  the  toxicity  of  2-nitrodiphenylamine  to  fish  and  invertebrates 
show  that  this  compound  is  highly  toxic  to  aquatic  organisms  with  LC50's 
ranging  from  1.8  to  5.6  ppm.  Reaction  of  2rnitrodiphenylamine  in  the 
environment  could  lead  to  more  toxic  compounds. 

.Although  2-nitrodiphenylamine  is  not  a military  unique  compound,  the 
military  is  one  of  the  major  users  and  polluters  of  this  chemical.  Pre- 
liminary evidence  indicates  a high  potential  environmental  danger  from  2- 
nitrodiphenylamine.  It  is, therefore, recommended  that  2-nitrodiphenylamine 
be  included  in  the  Phase  II  detailed  toxicological  and  environmental  studies. 

N-Nl trosodlphenvlamine 
# ' 

N-nitrosodiphenylamine  is  not  used  by  the  Army  in  its  munitions  pro- 
duction. This  compound  is  formed  in  solid  propellants  as  a result  of  the 
reaction  of  diphenylamine  with  NO.  The  NO  is  produced  from  the  degradation 
of  nitrate  ester  explosives  in  the  propellant.  N-nitrosodiphenylamine  is 
present  in  the  effluents  from  propellant  manufacture.  Maximum  discharges 
of  this  compound  at  full  mobilization  are  estimated  to  be  360-600  lb/year. 
However,  it  could  be  formed  in  the  environment  by  the  action  of  micro- 
organisms. Studies  have  indicated  that  N-nitrosamine  can  be  formed  micro- 
biallv  from  diphenv lamine  and  nitrate. 

N-nitrosodiphenylamine  is  produced  commercially  by  four  companies.  Its 
only  use  is  as  a vulcanization  retarder  for  rubber.  However,  N-nitrosodi- 
phenylamine is  being  replaced  by  steroid-type  retarders  by  the  rubber  industry. 

The  toxicity  of  N-nitrosodiphenylamine  in  acute  doses  is  low  (LD50  for 
rats  is  5360  mg/kg).  This  compound  has  been  tested  for  carcinogenic  potency. 

It  has  been  found  to  be  non-carcinogenic . The  aquatic  toxicity  of  this 
compound  is  unknown. 

From  the  information  evaluated  in  this  study  it  is  concluded  that 
N-nitrosdiphenylaminc  is  not  a military  unique  chemical.  Any  potential 
effects  of  this  compound  on  the  aquatic  ecosystem  would  be  overshadowed  by 
those  of  diphenylamine.  Therefore,  N-nitrosodiphenvlamine  should  be  a low 
priority  for  further  study  by  the  Army. 
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The  Phthalate  Esters 


Diethyl- ,dibutyl-and  diethylhexyl  phthalate  are  used  as  plasticizers 
in  the  manufacture  of  solid  propellants  at  Radford,  Badger,  Sunflower  and 
Indiana  Army  Ammunition  Plants  (AAP).  Currently  only  Radford  and  Indiana 
are  operational.  Of  the  phthalate  esters,  dibutyl  phthalate  is  the  largest 
volume  propellant  additive. 

At  current  production  rates,  Radford  uses  344,000  lb/year  of  this 
compound,  primarily  for  the  M-l  formulation.  At  full  mobilization,  2.5 
million  lb/year  of  dibutyl  phthalate  would  be  needed  by  Radford  AAP  alone. 
Estimated  discharges  of  dibutyl  phthalate  to  the  New  River  at  full  mobil- 
ization are  700  to  2150  lb/month. 

Diethyl  phthalate  is  used  exclusively  in  the  N-5  and  M-8  propellant 
formulations.  Current  use  rate  of  diethyl  phthalate  Is  228,000  lb/year. 
Radford  is  currently  operating  at  full  production  capacity  of  these  pro- 
pellants. Discharge  of  diethyl  phthalate  to  the  New  River  are  estimated  at 
63  to  380  lb/month. 

Diethylhexyl  phthalate  is  seldom  used  by  Radford.  Only  22,000  lb  of 
this  chemical  has  been  formulated  into  propellants  over  the  last  10  years. 

The  phthalate  esters  are  widely  used  thrqpghout  the  civilian  community. 
Over  1,043  million  lb  of  phthalate  esters  wera* produced  in  the  United  States 
in  1976.  The  1976  production  of  the  individual  esters  was 

- diethylhexyl  phthalate  296.7  million  lb 

- dibutyl  phthalate  13.7  million  lb 

- diethyl  phthalate  16.1  million  lb 

Each  of  these  esters  is  used  as  a plasticizer  for  different  materials. 
Diethylhexyl  phthalate  is  used  in  PVC  plastics,  dibutyl  phthalate  in  nitro- 
cellulose and  polyvinvl  acetate  emulsions  and  diethyl  phthalate  in  cellulose 
acetate  plastics. 

The  acute  toxicity  of  the  phthalate  esters  to  mammals  1b  low  with 
LD50's  ranging  from  1 to  8 g/kg.  Some  subtle  biochemical  changes  are 
observed  in  mammals  exposed  to  phthalate  esters  over  long  periods  of  time. 
The  esters  have  been  shown  to  be  noncatcinogenic.  However,  they  have 
mutagenic  and  teratogenic  potential  at  high  doses. 

The  phthalate  esters  are  wide  spread  thorughout  the  environment.  They 
are  found  in  river  and  ocean  water,  sediment  and  biota.  Diethylhexyl 
phthalate  is  the  most  abundant  of  the  phthalate  esters  in  the  environment. 
The  phthalate  esters  are  fairly  toxic  to  aquatic  organisms  with  a 96-hour 
LC50's  in  the  low  ppm.  Some  bioaccumulation  of  these  compounds  occurs, 
however,  they  are  actively  metabolized  by  most  organisms. 
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From  the  information  evaluated  during  this  study,  it  is  concluded  that 
, the  phthalate  eaters  are  not  military  unique  chemicals.  Dibutyl  phthalate 

appears  to  be  the  most  widely  used  phthalate  eater  by  the  military.  At 
current  propellant  production  rate,  the  military  use  of  this  chemical  is 
| only  a small  percentage  of  the  civilian  production.  However,  if  all  four 

| propellant  plants  were  operating  at  full  mobilisation  levels,  military  use 

of  dibutyl  phthalate  could  be  as  high  as  73%  of  the  1976  civilian  production 
of  this  chemical.  Dibutyl  phthalate  discharges  would  be  as  high  as  4160 
j lb/month  from  Radford  AAP  at  full  mobilisation.  At  this  discharge  level, 

this  chemical  would  be  toxic  to  aquatic  life.  Further  evaluation  of  the 
environmental  fate  of  dibutyl  phthalate  by  the  Army  may  be  warranted.  How- 
j ever,  the  proposed  biotreatment  facility  should  adequately  remove  this 

t compound  from  Radford's  effluents.  Thus,  this  chemical  should  be  a low 

priority  for  further  study, 

j Diethyl  phthalate  is  not  used  or  discharged  in  amounts  harmful  to  the 

environment.  It  is  also  a relatively  low  use  chemical  in  propellant  manu- 
facture. Based  on  these  facts  and  the  ease  with  which  diethyl  phthalate  is 
| biodegraded,  this  chemical  should  be  a low  priority  for  further  study. 

The  Army's  utilisation  of  diethvlhexyl  phthalate  is  insignificant  when 
! compared  to  that  of  the  civilian  community.  Therefore,  diethvlhexyl  phthalate 

1 should  be  a low  priority  for  further  study. 


Tr facet  in 

Triacetin  is  used  as  a plasticiser  in  solid  propellant  formulations. 
These  formulations  contain  3.25  to  11.0%  triacetin.  At  the  praaent  time 
onlv  Radford  AAP  uses  triacetin.  Current  use  rate  is  ,v43,000  lb/year. 

At  full  mobilisation  130,000  lb/year  would  be  used  by  Radford.  Sunflower 
and  Badger  would  use  similar  amounts  at  full  mobilisation. 

Estimated  losses  of  triacetin  from  current  propellant  manufacture  are 
between  180  and  340  lb/month.  At  full  mobilisation,  up  to  2000  lb/month 
could  be  lost  et  each  plant  using  triacetin.  Since  this  compound  is  rtadily 
soluble  in  water,  virtually  all  the  triacetin  loet  will  be  in  the  waste 
streams. 

Triacetin  is  produced  in  the  United  States  by  three  manufacturers. 
Current  production  capacities  are  estimated  at  1 million  lb/year.  Triacstin 
has  a wide  variety  of  uses  in  the  civilian  community  Including  a plasticiser 
in  cigarette  filters,  a solvent  and  carrier  in  pharmaceutical  preparations, 
a aolvsnt  and  fixative  in  perfumes  and  flavors,  stc.  Because  of  the  wide- 
spread use  of  triacetin  in  disposable  items,  the  civilian  pollution  of 
triacetin  is  also  expected  to  be  widespread. 
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Mammals  exhibit  a low  toxic  response  to  triacetin.  However,  aquatic 
organism*  and  invertebrates  are  fairly  sensitive  to  this  chemical.  At  full 
mobilization,  significant  effects  on  the  local  aquatic  population  near 
Radford,  Sunflower  and  Badger  could  occur.  Microorganisms  should  readily 
degrade  this  compound,  precluding  any  widespread  damage  to  the  ecosystem. 

i 

At  current  production  levels,  the  Army  uses  only  4X  of  the  triacetin 
civilian  production  capacity.  At  full  mobilization,  the  Army  usage  of  this 
chemical  could  be  as  high  as  45%  of  the  civilian  capacity.  Although  the  ' 

Army  use  rate  of  triacetin  could  be  high  under  emergency  conditions,  this 
chemical  la  not  a military  unique  compound.  i 

The  only  Army  problem  with  triacetin  appears  to  be  potential  local 
aquatic  effect*.  The  planned  biotreatment  facility  at  Radford  should 
adequately  remove  this  compound  from  Radford's  waste  atreams.  From  these 
findings  it  sppeare  that  triacetin  has  a low  priority  for  inclusion  In  the 
Phase  II  work.  If  it  were  to  be  Included,  the  study  should  be  limited  to 
environmental  toxicology  and  fate. 


Lead  Salicylate 

Lead  salicylate  la  used  as  a burning  rate  modifier  in  solvent  and 
solventleas  double  base  propellants.  This  compound  is  currently  only  used 
at  Radford  Army  Ammunition  Plant.  At  current  production  rates,  3000  lb  of 
lead  salicylate  are  used  at  Radford  AAP  each  month.  This  usage  represents 
full  production  capacity  of  the  propellants  employing  lead  salicylate  in 
their  formulations.  Losses  of  lead  salicylate  to  the  environment  from 
Radford  AAP  operations  are  estimated  at  45-150  lb/month. 

Lead  salicylate  is  manufactured  by  one  civilian  firm.  Potential  pro- 
duction capacities  for  this  chemical  are  estimated  at  ^1  million  lb/year. 

In  the  civilian  market,  lead  salicylate  is  used  as  a stabilizer  in  flooring 
and  other  vinyl  compounds  requiring  good  light  stability. 

Lead  salicylate  is  toxic  to  mammals.  It  is  readily  absorbed  through 
the  akin.  The  aquatic  toxicity  of  this  compound  is  unknown.  However,  due 
to  the  limited  solubility  of  lead  salicylate,  the  aquatic  toxicity  la 
probably  low. 

The  absence  of  production  statistics  makes  an  evaluation  of  the  military 
versus  civilian  usage  difficult.  Howsvar,  it  is  estimated  that  the  Army 
used  ~l/3  - 1/2  of  the  lead  salicylate  produced  by  the  civilian  community. 

The  Army  propellant  munufacture  ia  probably  the  main  source  of  environmental 
pollution  of  this  compound.  Therefore,  it  is  recommended  that  laad  sali- 
cylate be  included  in  the  detailed  Phase  II  toxicological  and  environmental 
evaluations. 
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Lead  Stearate 


Lead  stearate  is  used  in  the  bermite  grains  and  the  ROLAND  propellant 
as  a burning  rate  modifier.  The  propellants  are  not  currently  being  pro- 
duced by  the  Army.  If  these  propellants  were  produced  at  full  capacity, 

500  lb/month  of  lead  stearate  would  be  used  at  RAAP. 

The  civilian  production  of  lead  stearate  was  1,25a, 000  lb/year  in  1976. 
This  compound  is  used  as  a general  purpose  and  high  pressure  lubricant  and 
heat  stabiliser  for  PVC  compounds.  Due  to  its  many  civilian  uses,  pollution 
from  civilian  uses  of  lead  stearate  is  expected  to  be  widespread. 

Lead  stearate  is  moderately  toxic  to  mamma 1b . The  toxicity  of  this 
compound  to  aquatic  organisms  is  unknown.  However,  due  to  its  limited 
solubility,  the  aquatic  toxicity  should  be  low  unless  it  ie  hydrolysed  to 
free  lead. 

Lead  stearate  is  not  a military  unique  chemical.  Because  of  the  limited 
use  of  this  compound  in  propellant  production,  further  studies  by  the  Army 
should  be  of  low  priority. 

Lead  Resorcylate 

Lead  resorcylate  was  developed  in  1965  by  NL  Industries.  Information 
on  this  compound  is  non-existent  in  the  literature.  There  are  no  reported 
civilian  uses  of  lead  resorcylate.  Thus  it  appears  that  the  Army  s propellant 
manufacture  accounts  for  all  civilian  production  of  this  compound. 

Lead  resorcylate  is  a military  unique  chemical.  Further  studies  on  this 
compound  by  the  Army  are  recommended.  These  studies  should  include 

- A Phase  II  detailed  toxicological  and  environmental  evaluation 

- Determination  of  some  of  the  physical  and  chemical  properties 

of  this  compound  if  they  can  not  be  obtained  from  the  manufacturer 

- Sampling  and  analysis  of  sediment  and  biota  at  Radford  AAP  to 
determine  the  amount  of  accumulation 

- Aquatic  toxicity  and  bioaccumulation  studies  if  the  Phase  II 
study  indicates  the  need  for  this  research 

- Mammalian  skin  toxicity  studies. 
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FOREWORD 


This  report  details  the  results  of  a preliminary  >blera  definition 
study  on  propellant  related  chemicals.  The  purpose  of  via  study  was  to 
deteimine  the  Army's  responsibility  for  conducting  further  research  on  these 
chemicals  in  order  to  determine  their  toxicological  and  environmental  hazards 
so  that  effluent  standards  can  be  recommended.  In  order  to  determine  the 
Army's  responsibility  for  further  work  on  these  propellant  related  chemicals, 
the  military  and  civilian  usage  and  pollution  of  these  substances  were  eval- 
uated. In  addition,  a preliminary  overview  of  toxicological  and  environmental 
hazards  was  conducted. 

The  propellant  related  chemicals  represent  10  of  the  48  chemicals  eval- 
uated under  Phase  IA  of  contract  No.  DAMD17-77-C-7057.  Theta  chemicals  are 
grouped  in  four  categories 

- explosives  related  chemicals 

- propellant  related  chemicals 

- pyrotechnics 

- primers  and  tracers 

Each  category  is  a major  report.  Section  I of  each  report  is  an  overview  of 
the  military  processes  which  use  each  chemical  and  the  pollution  resulting 
from  the  use  of  these  chemicals.  The  problem  definition  study  reports  on 
each  chemical  are  separable  sections  of  these  four  reports. 

In  addition  a general  methodology  report  was  also  prepared.  This  report 
describes  the  search  strategy  and  evaluation  methodology  utilized  for  this 

study. 
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I.  GENERAL  OVERVIEW  OF  PROPELLANT  MANUFACTURE,  LOADING  AND  DISPOSAL 


Chemical  additives  are  used  in  conjunction  with  primary  explosives  in 
the  manufacture  of  propellants.  These  additives  are  predominantly  used  as 
stabilizers,  modifiers  or  plasticizers.  Some  function  as  flash  suppressants 
or  barrel  coolants.  Specific  compounds  of  this  type  which  are  of  concern  in 
this  study  include: 

- Ethyl  centralite 

- Dlphenylamine 

- Diethyleneglycol  dinitrate 

- 2-nitrodiphenylamine 

- N-nitrosodiphenylamlne 

- Phthalate  esters 

- Triacetin 

- Lead  salicylate 

- Lead  stearate 

- Lead  reaorcylate 

- Barium  nitrate 

N-nitrosodiphenylamine  is  not  added  to  the  propellant  formulations,  but 
appears  as  a degradation  product  of  dlphenylamine. 

A.  Propellant  Manufacture 

Propellants  are  produced  by  mixing  primary  explosives  such  as  nitro- 
cellulose, nitroglycerin  or  nltrogusnldlne  with  additives  such  as  those 
listed  above.  Propellents  are  characterized  as  single  base,  double  base  or 
composite  (triple  base  or  multibass).  Single  base  propellants  contain  only 
one  primary  explosive,  nitrocellulose.  Double  base  propellants  contain  nitro- 
glycerin as  wall  ss  nitrocellulose.  Composite  propellants  contain  these  two 
primary  explosives  and  at  least  one  additional  explosive  such  as  nitroguani- 
dlne  or  HMX.  Propellants  are  manufactured  by  either  a solvent  process  or  a 
solventless  process'. 

1.  Manufacturing  Facilities 

♦ 

Propellants  are  currently  produced  in  only  two  facilities,  Radford 
Army  Ammunition  Plant  (RAAP)  end  Indiana  Army  Ammunition  Plant  (InAAP) • Twc 
other  facilities,  Badger  AAP  (BAAP)  end  Sunflower  AAP  (SAAP),  are  capable  of 
producing  propellants;  but  the  plants  ars  inactive.  Table  1-1  lists  the 
propellant-related  functions  of  these  plants. 


Table  1-1.  Propellant  Manufacturing  Facilities. 

Facility 

Function 

Badger  AAP 

Baraboo,  Wisconsin 

slngla  base  propellants 
ball  powder 

solvsntlass  rocket  grains 

Radford  AAP 

Radford,  Virginia 

single  base  propellants 
double  base  propellants 
composite  propellants 

LAP*  missile  propellants 

LAP*  largs  rockat  propellants 
LAP*  cannon  propellants 

Sunflower  AAP 

Lawrence,  Kansas 

single  base  propellants 
double  base  propellants 
composits  propellants 
solventless  rocket  grains 

Indiana  AAP 

Charlestown,  Indiana 

propellant  charges 

LAP*  propellant  charges 

*LAP  ■ Load,  Assembly  and  Pack 

The  Radford  AAP  has  capacity  for  production  of  about  12  million  lb/ 
month  of  propellants.  This  plant  la  currantly  operating  at  about  201  of 
capacity.  During  December  1977,  tha  total  production  of  propallanta  wan 
about  2.6  million  lb.  Thla  figure  Includes  about  870,000  lb  of  single  baaa 
propallanta  (solvent  process),  predominantly  the  M-l  formulation.  Also  pro- 
duced were  350,000  lb  of  double  bass  propellants  by  the  solvent  process  and 
240,000  lb  by  the  aolvantless  process.  The  production  of  multibase  propel- 
lants was  approximately  1,140,000  lb,  all  by  the  solvent  process. 

These  propellants  vara  produced  In  the  "C"  propellant  line  and  the 
Mo.  4 Roll  Powder  Area.  The  location  of  these  areas  Is  shown  on  the  map 
(Figure  1-1).  The  Roll  Powder  plant  was  used  to  produce  double  base  propel- 
lants by  the  solventless  process.  All  other  propellants  were  produced  in 
the  "C"  line  facilities.  As  may  be  seen  in  Figure  1-1,  the  "C"  line  con- 
sists of  a nitrating  area,  cotton  area,  green  powder  plant,  solvent  recovery 
area  and  the  air  and  water  drying  area. 

2.  Compounds  and  Formulations  Used 

The  additive  compounds  listed  earlier,  as  well  as  others  not  con- 
sidered in  this  study,  are  used  in  various  propellant  formulations.  Table 
1-2  lists' the  facilities  which  use  these  various  modifiers,  stabilisers  and 
plasticisers. 


f 
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tion  Plant 


Table  1-2.  Army  Ammunition  Plante  Which  Uae 
the  Various  Propellant  Additives. 


Additive 

Facility 

1 

BAAP 

RAA; 

SAAP 

InAAP 

Ethyl  centrallts 

X 

X 

X 

X 

Dipheny lamina 

X 

X 

X 

X 

Diethyleneglycol  dinitrate 

X 

! 

2-nitrodlphsnylamlne 

X 

X 

X 

!. 

N-nitrosodlphenylamlne 

X 

X 

X 

X 

Diethyl  phthalate 

X 

X 

X 

X 

Dibutyl  phthalate 

X 

X 

X 

X 

2-athylhaxyl  phthalate 

X 

Trlacatin 

X 

X 

X 

; 

Lead  salicylate 

X 

X 

X 

Lead  stearate 

X 

X 

X 

Lead  resorcylate 

X 

X 

X 

Barium  nitrate 

X 

Over  40  different  propellant  formulations  are  produced.  Their  con- 
atltuents  and  compoaltlona  are  given  in  Table  1-3.  Almost  all  of  these  pro- 
pellants include  at  least  one  of  the  additives  of  concern  to  this  study  in 
their  formulations.  The  ranges  of  percentages  used  in  the  various  propellants 
are  listed  in  Table  IV-4, 


Table  1-4.  Percentage  of  Additivea  in  Propellant  Formulations. 


Additive 

Percentase 

Ethyl  centralite 

0.02-6.3 

Diphenylamlne 

0.5-1. 7 

Diethyleneglycol  dlnitrate 

* 

2-nitrodlphenylamine 

0.9-2. 3 

Diethyl  phthalate 

2.5-10.3 

Dlbutyl  phthalate 

2. 0-6.0 

Trlacatin 

3.3-11.0 

Lead  aallcvlate 

2. 8-3.3 

Lead  stearate 

0.1 

Lead  resorcylate 

2. 8-3.3 

Barium  nitrate 

0. 6-1.0 

*Total  of  3-35  gallon  drums  used  one  time  only  at  RAAP  to  produce 
M-37  propellant 


3.  Propellant  Manufacturing  Proceaaea 


ji 

a.  Solvent  Process 

I The  majority  of  single  base,  double  base  and  composite  propel- 

lants are  manufactured  by  the  solvent  process.  This  process  involves  numerous 
i operations  as  shown  in  Figure  1-2.  The  figure  describes  the  manufacture  of  a 

( single  base  propellant.  However*  the  solvent  process  for  producing  double 

base  or  composite  propellants  is  similar. 

{ In  the  first  step,  nitrocellulose,  produced  from  nitration  of 

cotton  llnters  or  wood  pulp,  is  dried  by  wringing  (Military  Explosives,  1967). 
The  nitrocellulose,  containing  ^28%  moisture,  is  then  dehydrated  by  the  addi- 
j tion  of  95%  ethanol.  After  dehydration,  pressure  is  applied  to  the  material 

' to  yield  a block  containing  ^75%  nitrocellulose  and  ^25%  of  90%  ethanol, 

The  wet  block  is  broken  up  and  transferred  to  a mixer.  Ether 
is  added  to  the  extent  of  about  2/3  of  the  weight  of  dry  nitrocellulose. 
Additives  such  as  dlphenylamine  and  dibutyl  phthalate  are  generally  mixed  with 
; the  ether  before  it  is  added.  After  the  ether  ia  added,  any  other  propellant 

I modifiers  are  added.  The  ingredients  are  mixed  for  about  one  hour. 

The  propellant  mixture  is  pressed  at  about  3000  pal  to  form 
a block.  The  propellant  la  then  squeesed  through  a series  of  screens  and  per- 
'•  forated  plates.  It  emerges  from  this  step  in  a form  resembling  macaroni. 

The  material  is  again  pressed  into  block  form,  then  extruded  through  dies 
j form  cords  of  the  desired  final  diameter.  The  cords  are  cut  into  pieces  of 

! , predetermined  length.  This  process  is  called  graining. 

r The  remaining  solvents  ars  than  recovered.  The  grains  are 

j water  dried  by  placing  them  in  warm  water.  This  reduces  the  solvent  content 

to  1 to  5%.  Air  drying  then  removes  the  surface  moisture. 

i ■ 

| Finally,  the  propellant  is  screened  to  remove  dust  and  grain 

^ clusters.  It  is  sometimes  glazed  or  coated  with  graphite.  The  batches  of 

propellants  are  blended  to  insure  uniformity  of  the  lot,  then  packed  for  ship- 
j ping  to  the  loading  operations. 

b.  Solventless  Process 

| In  the  solventless  process  (Patterson  at  al.%  1976),  a premix 

is  made  from  nitrocellulose  and  nitroglycerin  plus  the  desired  additives.  The 
premix  is  dispersed  in  water  as  a carrier.  Most  of  the  water  is  removed  by 
I centrifuging.  The  paste  thus  formed  is  air  dried,  then  mixed  with  any  other 

1 ingredients  in  a tumble  blender. 

I The  final  mix  is  passsd  through  roll  calenders  to  form  a homo- 

1 geneous  sheet.  Several  sheets  are  combined  and  rerolled  to  yield  a single 

sheet  of  the  desired  thickness.  The  sheets  are  cut  into  strips.  The  strips 
I are  rolled  up  and  fed  into  a finishing  press.  Thsre  is  minimal  shrinkage  of 
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1 
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Table  1-3.  Propellant  Formulations  Produced  at  Radford  Army 
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th«  propellant  atranda  during  £lnal  proceaaing  as  it.  contains  no  volatile 
material. 

c.  Ball  Powder 

Ball  powder  is  a single  base  propellant  produced  by  the  solvent 
proceaa.  However,  the  propellant  ia  formed  into  apherea  of  0.030  inches  dia- 
meter or  lesa.  The  proceaaing  atepa  are  significantly  different  from  conven- 
tional propellant  manufacturing  as  described  above. 

Figure  X-3  ia  a schematic  diagram  of  the  ball  powder  proceaa 
(Patterson  at  al.,  1976).  Single  baaa  propellant  is  ground  In  a water 
slurry.  It  la  extracted  with  benaena,  then  dissolved  in  ethyl  acetate.  The 
ethyl  acetate  forma  a separate  phase  on  top  of  the  slurry  watar.  The  two 
phaaea  are  emulsified  by  agitation.  Collagen  ia  added  to  prevent  coalescence 
of  the  globules.  Sodium  sulfate  ia  added  to  draw  water  out  of  the  globules. 
The  temperature  la  raised  to  69° C causing  the  ethyl  acetate  solvent  to  boll 
off.  The  globules  slowly  harden  into  firm  spheres  suspended  in  the  water 
phase. 


The  spheres  are  coated  with  DNT  to  retard  their  initial  burning 
rate.  The  spheres,  still  in  watar  Blurry,  are  passed  through  rollers  to  make 
them  slightly  elliptical.  They  are  then  filtered  and  dried.  The  final  pro- 
cessing steps  are  to  glase  the  spheres  with  a thin  coating  of  graphite, 
screen  them  and  package  them  for  shipment. 

d.  Current  Propellant  Production  at  Radford  AAP 

During  December  1977,  the  following  propellants  were  produced 

at  RAAPi 


Propellant 

Type 

Ouantitv.  thousand  lb 

Benite 

Single-solvent 

25 

M-l 

Single-solvent 

817 

M-10 

Single-solvent 

29 

ARP 

Double-solvent 

100 

M-7 

Double-solvent 

6 

M-26 

Double-solvent 

242 

M-8 

Double-solventless 

32 

NOS  IH- AM- 2 

Double-solventlsss 

44 

M-36 

Doubls-solvsntless 

27 

N-5 

Double-solventlsss 

134 

M-30 

Multibase-solvent 

683 

M-30A2 

Multibase-solvent 

453 

Of  these  propellants,  the  M-8,  M-36,  N-5,  ARP  and  N0SIH-AM-2  were  produced  at 
essentially  full  mobilization  rates.  The  others  ranged  from  10  to  20  percent 
of  full  mobilisation  capacity. 
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Currant  Use  Rates  of  Chemical  Additives 


a. 


At  current  (December  1977)  production  rates,  RAAP  consumes  the 
following  amounts  of  the  listed  additives: 


Additive 

Barium  nitrate 
Ethyl  centrelite 
Dipheny lamina 
2-nltrodlpheny lamina 
Diethyl  phthalata 
Dlbutyl  phthalata 
Triacetin 
Lead  salicylate 
Lead  resorcylate 
Lead  stearate 


Current  use  rate,  lb/mo. 

5,200 
31,226 
10,000 
A,  600 

19.000 

28.000 
5,900 

3,000 

670 

0 


f.  Historic  Production  end  Chemical  Usage  at  Radford  AAP 

Table  1-5  lists  the  production  rates  for  each  propellant  manu- 
factured at  Radford  AAP  during  the  years  1968-1977.  The  annuel  purchases  of 
additive  chemicals  during  .this  period  are  shown  in  Table  1-6. 

A.  Effluent  Streams 

Process  water  la  used  for  all  propellant  production  processes  at 
RAAP.  Much  of  this  water  is  recycled,  but  some  leaves  the  process  and 
ultimately  enters  the  Hew  River.  Current  (December  1977)  propellant  opera- 
tion*, produce  effluents  which  enter  the  river  at  points  A,  5,  6,  8,  9 and  10 
on  Figure  X-l.  Waste  streams  associated  with  propellant  production  are  des- 
cribed below:  (Cairns  and  Dickson,  1971) ( Smith  and  Dickenson,  1972) 

1.  C-line  waste  water  (Figure  1-1,  point  A) 

This  stream  contains  wastes  from  the  nitroglycerin  and 
nltrocotton  production  areas,  solvent  recovery  areas,  water 
dry  buildings  and  solvents  area. 

2.  General  purpose  sewer,  A8  in.  (Figure  1-1,  point  6) 

This  source  collects  effluents  from  the  green  powder 
production  areas,  solvent  recovery  areas  and  the  water  dry 
buildings. 

3.  Solvent  recovery  (Figure  1-1,  point  5) 

Discharges  from  the  green  powder  production  areas, 
solvent  recovery  areas  and  water  dry  areas  are  contained 
in  this  waste  stream. 


Al- 


Table  1-5.  Production  History  at  Radford  AAP* 

(Hatts,  1978). 
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Table  1-6.  Propellant  Additives  - Annual  Purchases,  1968-1977* 

(Watts,  1978). 


4.  Rolled  powder  area  wastes  (Figure  1-1,  points  8,  9 and  10) 

This  stream  contains  water  from  rolled  powder  blender 
cleaning  operations. 

In  addition  to  the  process  water  streams,  some  effluents  derive 
from  the  use  of  wet  scrubbers.  These  scrubbers  are  used  to  collect  dust 
from  grinding,  weighing  and  sieving  operations.  Since  virtually  all  com- 
ponents of  propellants  undergo  these  preparatory  operations,  these  scrubbers 
are  a major  source  for  entry  of  additives  into  the  environment. 

Effluents  from  washdowns  and  storm  runoff  also  enter  the  New  River. 
These  effluents  may  contain  substantial  amountB  of  propellant  ingredients. 
Entry  of  chemicals  into  the  environment  from  these  sources  is  sporadic  and 
the  quantities  indeterminate. 

There  has  never  been  a complete  quantitative  determination  of  the 
amount  of  additives  in  the  RAAP  effluent.  An  analysis  of  "water-dry"  dis- 
charges indicated  losses  of  1-2  lb/day  of  diphenylamlne  and  0.5-1. 5 lb/day  of 
dibutyl  phthalate  (Glennon,  1977).  However,  other  sources  exist  which  were 
not  measured,  so  the  above  number  tray  represent  as  little  as  10-20%  of  the 
total  of  the  compounds  entering  the  environment  from  RAAF  operations.  A com- 
plete analysis  of  the  effluents  would  be  useful,  but  would  not  determine  the 
effects  of  "surges"  from  washdowns  or  storms. 

a.  Effluents  from  Propellant  Production 

The  effluent  quantities  from  propellant  processing  operations 
were  recorded  for  the  time  period  1973-74  (Smith  and  Dickenson,  1974) . These 
figures  are  presented  in  Table  1-7. 

The  following  quantities  of  dissolved  solids  appear  in  efflu- 
ents based  upon  the  figures  in  Table  1-7. 

Solvent  Process 


Operation  Effluent,  K gpd  Dissolved  Solids  in  Effluent 


Cast  Propellants 

30.2 

(lb/dfty) 

223 

Single  Base,  A,  B,  C lines 

86 

215 

C-line,  Hiwh  Energy 

74 

383 

Solvent  Recovery 

239 

211 

Propellant  Finishing 

230 

173 

Solvents  Rectification 

148 

1513 

807.2 

2718 

S lventless  Process 


Operation  Effluent,  K gpd  Dissolved  Solids  in  Effluent 

(lb/day) 

476 


All  Operations 


167 


Table  1-7. 


Effluents  from  Propellant  Processing  Operations 
(Smith  and  Dickenson,  1974). 

Effluenr  Quantity,  gpd  Avr  Dissolved  Solids,  mg/i 


Cast  Propellant  Area 

TOW  Machinery 

24,000 

210 

Benite  Saw  Houses 

6,000 

3592 

Tray  Wash 

200 

669 

Single  Base  Propellant  Areas 

A-line,  East  1/2 

18,000 

188 

A-line,  West  1/2 

10,000 

113 

B-line 

28,000 

294 

C-line 

30,000 

437 

Double  and  Multibase  Propellants 

C-line,  High  Energy  74,000 

620 

Solvent  Recovery  Area 

Water  Dry 

13,000 

152 

Sorting 

210,000 

102 

Solvent  Recovery 

14,000 

111 

Propellant  Finishing  Area 

Coat  and  Glaze 

230,000 

90 

Solventless  Propellant  Areas 

Blender 

45,000 

76 

Process  Buildings, 

Cleanup 

MOO 

1582 

Process  Buildings, 

Normal  Operations 

85,000 

462 

RAP  Machines 

30,000 

96 

Solvent  Rectification  Area 

Chem  Mix 

17,000 

134 

Ether  Still 

66,000 

40 

Alcohol  Rectification 

65,000 

2716 

. -X 
■■  ■« 
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Production  rates  from  Oct  1973  - Sept  1974  were  as  follows 
(Glennon,  1977) t 

Solvent  Process,  Single  bnse  75.3  million  lb 

Solvent  Process,  Double  and  Multi  base  2.13  million  lb 
Solvantleas  Process  3.23  million  lb 

Thus,  dissolved  solids  in  effluents  from  all  solvent  process  operations 
averaged  1.3%  of  the  amount  produced.  For  the  aolventlass  process,  dissolved 
solids  in  effluents  represented  5.3%  of  the  amount  produced.  For  double  and 
multibase  propellants  only  (solvent  process),  wastes  in  effluents  represented 
6.6%  of  the  propellants  produced, 


Assuming  that  each  additive  appeared  as  dissolved  solids  in  the 
effluents  in  proportion  to  its  concentration  in  the  formulation,  the  follow- 
ing estimates  of  lossea  were  determined! 


Additive 

LtUUVIUli 

lb/month 

Ethyl  centralite 

20-40 

600-1200 

Diphenylamlne 

13-25 

450-750 

2-nitrodiphenylamine 

9-18 

270-540 

Diethyl  phthalets 

15-23 

450-730 

Dibutyl  phthalate 

40-80 

1200-2400 

Triacetin 

20-50 

600-1500 

Lead  salicylate 

5-10 

130-300 

Lead  stearate 

1-2 

30-60 

Lead  resorcylate 

5-10 

150-300 

Barium  nitrate 

1-3 

30-90 

These  losses  represent  propellant  processing  operations  only.  Addltonal 
losses  from  chemical  preparation  operations  are  not  included. 

b.  Radford  AAP  Discharges  into  New  River 

In  197! . Radford  AAP  discharged  50  mgd  to  the  New  River 
(Rouenblatt  <rt  nl.t  1973).  Of  this  amount,  3.4  mgd  was  effluent  from  single 
base  propellant  operations  in  A-lins  and  B-line.  At  thia  tima,  single  base 
propellant  production  by  the  advent  process  was  at  about  30%  of  capacity,  or 
about  50  million  lb/year.  The  discharge  from  eingle  bate  propellent  opera- 
tions was  estimated  to  contain  2,800  lb/day  of  nitrocellulose  (Rosenblatt 
at  al. , 1973). 


The  additives  used  in  single  bees  propellant*  include  ethyl 
centrallto,  diphenylamin*  and  dibutyl  phthalate.  Baaed  upon  the  estimated 
discharge  of  nitrocellulose  (2,800  lb/day),  the  following  amounts  of  thee* 
additive*  would  he  expected  to  be  present  in  the  effluent. 


Ethyl  centralite 

3-12 

lb/day 

Diphenylamlne 

30-33 

lb/day 

Dibutyl  phthalate 

90-150 

lb/day 

-46- 

The  New  River  cerriea  a mean  flow  of  2,380  million  gallons  par 
day  (mgd).  The  lowest  7-day  average  flow  haa  baen  calculated  to  be  620  mgd, 
with  a frequency  of  occurrence  of  once  every  10  years  (Glennon,  1977).  The 
record  low  daily  flow  was  recorded  to  be  320  mgd  (Rosenblatt  et  al.>  1973). 

It  ie  known  that  at  Radford  AAP,  rapid  mixing  of  discharges  with  river  water 
does  not  always  occur.  Extended  mixing  zonae  have  been  found  to  occur  with 
localized  high  concentration  of  pollutants  (Glennon,  1977). 


5.  Current  Effluent  Treatment 

Currently,  each  process  stream  is  filtered.  The  propellant  parti- 
cles are  collected  and  burned  in  an  open  burning  ground.  Some  waste  streams, 
such  as  the  C-lina  waste  water,  are  lagoonad  before  discharge  to  the  river. 
This  lagoon  provides  a holding  capacity  to  minimise  the  effects  of  surgea  in 
chemical  content.  Such  surges  may  occur  as  a result  of  spills,  washdowns, 
etc. 


The  propellant  particles  collected  on  the  filters  are  essentially 
Insoluble  in  water.  The  additives  in  the  propellants  are  also  generally 
sparingly  soluble  in  water.  However,  the  possibility  exists  for  leaching 
amall  quantities  of  the  additives  from  the  propellant  particles  and  thus 
allowing  them  to  enter  the  river.  Most  of  the  additives  are  toxic  compounds 
and  may  bs  of  environmental  concern  even  in  small  quantities,  It  has  been 
established  that  significant  reductions  in  biological  life  ocour  in  the  New 
River  at  the  RAAF  site  (Smith  and  Dicksnsen,  1974).  The  effects  dissipate 
rapidly  downstream  of  the  plant,  however. 

6.  Future  Effluent  Treatment  Plans 

RAAP  is  currently  in  the  process  of  designing  or  constructing  im- 
proved facilities  for  the  treatment  of  propellant  process  effluents.  The 
general  types  of  treatment  are: 

1.  Chemical  treatment  facilities  will  be  Installed  for  removal  of 
inorganic  salts. 

2.  Biological  treatment  facilities  are  planned  for  removal  of 
organic  propellant  ingredients. 

3.  Carbon  absorbtion  is  planned  for  removal  of  organics  from  wastes 
from  solvent  process  propellant  manufacture. 

4.  Process  water  will  be  treated  and  recycled  whenever  possible  rather 
than  discharged. 

5.  Liquid  wastes  will  be  segregated  and  each  treated  according  to 
its  individual  needs  in  order  to  meet  effluent  standards. 

These  facilities  ere  being  designed  on  the  basis  of  general  waste  stream 
characteristics  such  as: 


- Chemical  Oxygen  Demand  (COD) 

- Biological  Oxygen  Demand  (BOD) 

- Total  Carbon  (TO 

- Total  Organic  Carbon  (TOC) 

- Total  Sollda 

- Percent  Volatile* 

- Diaaolved  Sollda 

- pH 

1 i 

In  general,  there  have  been  few  analyeee  of  the  apaclfic  concentra- 
tion of  individual  propellant  ai  <i.tivea.  An  exception  ia  lead,  which  la  come- 
time*  maaaured  quantitatively  in  waata  atreame  (Randall  and  King,  1971). 

Other  addltlvea  euch  aa  dlpheny lamina , trlaeetin,  dlbutyl  phthalate,  diethyl 
phthalata  and  ethyl  centralite  have  been  maaaured  quantitatively  in  conjunc- 
tion with  pollution  abatement  atudlee  (Smith  and  Dickenaan,  1972}  ibid,  1974) . 
However,  thaae  or  other  addltlvea  are  rarely,  if  ever,  determined  in  effluenta 
from  plant  oparationa. 

Studlee  to  characteriae  treatability  of  propellant  waatea  (Randall 
and  King,  1971{  Smith  and  Dickenaan,  1972}  ibid , 1974)  have  looked  into  both 
biological  and  phyalcal/chamlcal  method*.  Some  cohcxuaiona  reached  in  thaae 
etudiea  are  noted  belowi 

1.  Organic  component*  of  waat*  atreame  can  be  degraded  by  activated 
aludge  in  both  batch  and  contlnuoue  proceaaea.  With  a retention 
time  of  12  houra,  about  90%  reduction  of  COD  and  BOD  wae  achieved 
(Smith  and  Dickenaan,  1972). 

2.  Phyalcal  treatment  of  C-llne  vaate  water  reaulted  in  removal  of 
about  2X  of  the  original  TOC.  The  proceaaea  ueed  were  aadimen- 
tatlon  (eattllng),  filtration  and  air  atripping  (Randall  and 
King,  1971). 

3.  Activated  eludg*  treatment  of  C-lin*  waat*  water  reaulted  in  70-80% 
reduction  in  BOD  in  12  houra  (Randall  and  King,  1971). 

h.  Rolled  powder  area  waatea  appear  to  be  tonic  to  activated  aludge 
mud  cannot  be  readily  biodegraded  (Randall  and  King,  1971). 

3.  Inorganic  propellant  ingredient*  can  be  effectively  removed  from 

want*  water*  by  ravera*  oamoaia  or  ion  exchange  (Smith  and  Dickenaan, 
1974). 

6.  Organic  propellant  ingredient*  can  be  removed  from  waat*  water 
uaing  activated  carbon  (Smith  and  Dickeneen,  1974). 

7.  Raver ae  oamoaia  la  effective  for  removing  higher  molecular  weight 
organic  propellant  lngredienta  (Smith  and  Dickeneen,  1974). 

8.  Oaone  oxidation  will  decompoa*  propellant  ingredient*  euch  aa 
diphenylamln*  and  dibutyi  phthalate  (Smith  and  Dickenaan,  1974) . 


9.  Lead  concentration#  can  ba  reduced  to  about  1 mg/1  by  chemical 

precipitation  and  flocculation  (Smith  and  Dickensen,  1974). 

Current  plana  for  affluent  treatment  at  RAAP  are  baaed  upon  guide- 
llnae  which  specify  waate  quality  in  terma  of  BOD,  COD,  TOC,  etc.  However, 
both  in  biotreatment  and  phyalcal/chamical  treatment,  it  la  likely  that  aome 
component a of  the  waate  will  paaa  through  eaaentially  unchanged.  Theae  recal- 
citrant compounda  are  often  the  moat  harmful  from  an  environmental  stand - 
point.  Some  propellant  additives  are  probably  in  thia  category.  There  are 
also  aerioua  quaatlona  concerning  poaaibla  blotrcnaformation  of  aome  con- 
atituenta  to  apeciea  which  are  of  even  more  environmental  concern  than  the 
original  compounda. 

In  addition  to  the  overall  reduction  of  COD  and  BOD,  future  efflu- 
ent guideline#  will  require  the  removal  of  toxic  chemlcala  from  the  waate 
atreama  to  below  a predetermined  limit.  Thua,  blotraatment  with  activated 
aludge  or  phyalcal/chamical  proceaaea  which  do  not  degrade  all  of  the  pro- 
pellant additlvaa  may  be  lnaufficlant.  A need  exiata  for  characterieatlon 
of  propellant  waate  atreama  to  determine  the  actual  concentration#  of  poten- 
tially harmful  additive  compounda.  The  extent  to  which  they  will  be  miti- 
gated in  the  planned  treatment  proceaaea  ahould  alao  ba  determined. 

B.  Propellant  Loading 

1.  Propellant  Loading  Proceaaea  and  Facilltlea 

Propellant#  are  blends  of  up  to  twelve  additives  plus  the  basic 
ingredlenta,  nitrocellulose  and  nitroglycerin  (Patterson  it  at,,  1976).  The 
additives  Include  metal  powdera,  oxldiaara,  stabilisers,  modifiers,  plasti- 
cisers and  burning  rate  catalyata.  The  propellants  are  manufactured  end 
processed  into  shapes  ranging  from  small  pellets  to  cylinders  several  feet  in 
diameter  and  alx  feet  or  more  In  length  at  Radford,  Indiana,  Badger  and  Sun- 
flower AAPa.  They  are  shipped  from  these  manufacturing  planta  to  LAP  (Load, 
Assembly  and  Pack)  plants  for  loading.  The  LAP  operations  are  accomplished 
at  the  following  plants) 

- Army's  Longhorn  AAP  in  Marshall,  Texas 

- Army's  Redstone  Arsenal  in  Huntsville,  Alabama 

- Navy's  NOS  Indianhead  in  Crane,  Indiana 

- Navy' a N1R0P  Magna  AAP  in  Magna,  Utah 

- Air  Force  Plant  78  In  Brigham  City,  Utah 

a.  Propellant  Pellet  Loading 

Propellant  pellets  are  alao  referred  to  as  ball  powder.  They 
are  often  loeded  as  is  for  gun  propellants.  In  this  process,  cartridge  cases 
ere  fed  into  en  assembly  machine  and  filled  by  automatic  loaders.  The  pro- 
jectile is  seeled  into  the  heed  of  the  cartridges,  which  are  then  boxed  for 
shipment . 


Loading  llnaa  ara  ralativaly  amall  oparationa  requiring  only 
2-3  paraonnal  to  function.  Tha  quantity  of  propallant  permissible  aach  lina 
is  in  tha  ranga  of  aavaral  hundrada  of  pounds.  Tha  paraonnal  and  propallant 
limitations  ara  intandad  to  miniaisa  tha  affect  of  incidents  involving  tha 
propallants  by  raatricting  daoaga  to  a ralativaly  small  araa. 

b.  Rookat  Motor  Grain  Loading 

Moat  double  base  propellants  ara  formed  Into  grains  by  hot 
extrusions  through  dyes.  These  grains  ara  cut  to  tha  desired  length,  than 
dried  and  cured.  They  ara  than  machined  to  tha  exact  final  dlmanaiona  re- 
quired for  their  use.  Tha  outer  surfaces  and  ends  ara  usually  coated  with  a 
combustion  inhibitor  to  restrict  burning  to  tha  Inside  surface.  At  motor 
assembly  plants,  tha  grains  ara  simply  inserted  Into  the  motor  caaaa.  Larger 
graina  may  be  cemented  in  place.  Smaller  grains  ara  more  often  simply  slipped 
in  like  batteries  in  a flashlight. 

c.  Cast-ln-Placa  Rockat  Motor  Loading 

Thera  ara  two  basic  types  of  cast-in-place  rockat  motor  grains. 
These  ara  referred  to  as  "plastlsol"  and  "polymerisation  cured"  grains.  Plas- 
tlaol  graina  involve  high  energy  propallant  compositions  and  are  uead  In  ad- 
vanced solid  motors  such  as  required  for  XCBM's.  In  the  casting  operation,  a 
casting  powder  la  poured  into  tha  rocket  motor  case  from  the  nosila  end.  The 
case  la  vibrated  to  increase  the  propellant  bulk  density.  Air  Is  evacuated  and 
a liquid  nitroglycerin  mixture  la  poured  in  to  fill  the  voids.  A mandrel  In 
the  canter  of  the  motor  cavity  Is  used  to  form  a star-shaped  pattern  in  the 
grain. 


Once  loaded,  the  motor  is  placed  in  a 40°C  oven  for  several 
days.  During  this  time,  the  liquid  forme  a uniform  rubbery  gel  with  the 
casting  powder.  After  curing  is  complete,  the  motor  le  cooled  and  the  mandrel 
removed.  The  grain  end  la  then  coated  with  a burning  restrictor  and  the  nos- 
sle  and  Ignition  hardware  Installed. 

In  contrast  to  plastlsol  grains,  ths  propellant  ingredients  and 
the  oxidiser  of  polymerisation  grains  ara  pre-mixed  before  insertion  Into  the 
motor.  The  fuel  components  Including  additives  are  mixed  with  a liquid  mono- 
mer to  form  a thin  slurry.  The  oxidiser,  generally  ammonium  perchlorate,  is 
ground  separately  to  a fine  powder,  then  transported  to  the  final  mixing  area. 

The  fuel  slurry  and  the  oxidiser  powder  are  mixed  by  slow  addi- 
tion of  the  oxidiser.  Several  thousand  gallons  ars  mixed  at  one  time.  All 
mixing  is  accomplished  by  remote  control.  When  the  mixture  is  uniform,  the 
polymer  cross-linking  agent  is  added.  The  mixing  apparatus  is  than  trans- 
ported to  the  casting  site  and  positioned  over  the  empty  motor  case.  The 
propellant,  in  the  form  of  a thick  slurry,  flows  into  the  case.  When  filled, 
the  motor  is  heated  to  cure  the  propellant  as  with  the  plastlcol  type. 
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I , 2.  Wants  Streams 

1 ' LAP  operations  do  not  ganeraee  as  much  waste  water  as  manufacturing 

operations,  primarily  because  there  is  no  process  water  used  in  loading.  The 
( major  source  of  waate  streams  la  from  floor  washdown  operations.  The  conetit- 

i uenta  of  waate  streams  from  loading  operations  include: 

| ; - propellant  particles  and  dust 

; - dissolved  propallant  ingredients  including  additives 

- metal  partlclaa  and  solvents  from  cleaning  and  painting  operations 

Another  source  of  wastewater  in  some  LAP  facilities  ie  air  pollution  control 
scrubber  water  (Pattaraon  et  al.t  1976).  Dust  and  particulates  collected  in 
wet  scrubbers  contaminate  the  water.  Thus,  dischargee  from  air  scrubbers  may 
contain  significant  quantities  of  propellant  Ingredients,  both  dissolved  and 
i in  solid  form. 

At  Longhorn  AAP,  most  wastewaters  are  generated  by  clean-up  opera- 
1 tions  (USAEHA,  1972).  The  only  major  excaption  to  this  generalisation  is  the 

M-120  Area  in  which  the  mixing,  processing  and  loading  of  propellants  for 
rocket  motors  takas  place  (USAEHA,  1972) . The  other  areaa  are  used  primarily 
) for  assembly  operations. 

3,  Current  Effluent  Treatment  at  Longhorn  AAP 

1 Wastewater  from  the  processing  and  loading  operations  at  Longhorn 

AAP  are  collected  in  sumps.  These  sumps  are  pumped  out  on  a regular  basis 
! and  the  contents  transported  to  an  evaporation  pond  located  near  the  open 

I burning  area. 

There  la  no  segregation  of  waste  streams  or  any  pre-treatment  before 
discharge  into  the  pond.  The  pond  ie  heavily  contaminated  with  both  solid  and 
dissolved  propellant  ingredients.  Definite  biologic  stress  has  been  noted  in 
the  pond  (Fox  at  at . , 1975). 

The  sumps  which  provide  the  input  material  to  the  pond  are  carefully 
watched  to  see  that  they  are  emptied  before  overflow  occurs.  There  are  about 
80  sumps,  however,  and  overflow  has  occurred  in  some  cases.  These  incidents 
have  not  resulted  in  any  measureable  contamination  of  surface  waters  (USAEHA, 
1970). 

Of  greater  concern  ie  the  evaporation  pond  itself.  The  surface  of 
the  pond  covera  about  2 acres.  The  pond  has  never  been  known  to  overflow. 

In  the  past,  motor  case  cleanout  operations  at  the  pond  site  nearly  filled  it, 
so  these  operations  were  stopped.  Heavy  precipitation  has  occurred,  but 
never  enough  to  overflow  the  pond.  However,  LAAP  is  currently  operating  at 
only  about  10X  of  capacity.  If  full  mobilisation  were  to  occur,  the  pond 
would  not  be  an  adequate  sink  for  wastewaters. 


i 

i 

17 


\ 


; •! 
b.  I. 


-51- 


Th«  pond  lose?  water  by  evaporation  and  percolation  into  the  soil. 

It  la  estimated  that  about  6-8  lnchaa  of  propellants  are  praaent  in  a layer 
on  the  pond  bottom.  Thus,  water  percolating  into  the  soil  contains  any  solu- 
ble additives  leached  from  the  propellants.  No  ground  water  contamination 
appears  to  have  occurred  from  this  pond  (USAEHA,  1972).  However,  it  is  also 
possible  that  no  ground  water  contamination  was  noted  becauee  specific  propel- 
lant additive  compounds  were  not  monitored. 

Some  propellant  LAP  plants,  namely  Air  Force  Plant  #78  and  Redstone 
Arsenal,  have  installed  dry  collection  systems  for  air  cleaning.  Thus,  the 
generation  of  air  pollution  control  scrubber  water  is  eliminated.  Any  par- 
ticulates are  removed  and  disposed  of  by  burning.  Such  systems  have  been 
found  to  be  effective  and  should  be  considered  for  other  plants  (Patterson 
et  al.,  1976). 

4.  Future  Effluent  Treatment  Plans 

Longhorn  AAP  is  planning  the  construction  of  a new  evaporation  pond. 
This  new  pond  would  either  supplement  or  replace  the  current  pond.  At  some 
future  time,  the  current  pond  may  be  drained  so  that  the  propellant  layer  can 
be  recovered  and  destroyed. 

In  many  plants,  treatment  and  recycle  of  water  is  planned.  Filtra- 
tion of  solids  from  wastswatsrs  will  allow  them  to  be  recovered  for  disposal 
by  burning'.  Other  constituents  may  be  precipitated  by  chemical  treatment, 
thus  improving  the  water  for  at  least  partial  reuse.  There  appears  to  be  no 
plans  for  segrogation  of  solids  from  liquids  in  the  sumps  at  LAAP.  Thus, 
propellant  additives  will  continue  to  be  discharged  into  the  evaporation  pond 
or  ponds.  The  environmental  impact  of  this  action  needs  to  be  further  assessed. 

C.  Disposal  of  Solid  Propellant  Wastes 

1.  Haste  from  Propellant  Manufacturing 

a.  Current  Disposal  Methodology 

Wastes  from  propellant  manufacturing  operations  at  Radford  AAP 
include  the  following: 

- Solids  collected  from  process  water  filters 

- Particulates  from  chemical  preparation  steps  collected 
in  wet  or  dry  air  scrubbers 

••  Dust  from  additive  or  propellant  handling  operations 

- Solids  filtered  from  water  used  for  washdowns 

- Scraps  from  grain  machining  operations 

These  materials  are  collected  and  transported  daily  to  the  open  burning  ground. 
The  burning  ground  is  a 20  acre  area  located  in  the  "Horseshoe"  of  the  New 
River  (Figure  1-1, point  17).  This  area  is  used  each  day  to  burn  floor  sweepings. 
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off-apaeification  batch**  of  propellant*  or  exploeivaa,  and  tha  particular** 
from  the  effluent  filter*  (Bender  at  al.t  1975). 

b.  Future  Disposal  Plana 

Xn  the  future,  virtually  all  eolid  waataa  frost  propellant  manu- 
facture will  be  incinerated  under  carefully  controlled  condition*  rather  then 
burned  in  open  area*.  At  Radford  AAP,  two  incinerator*  will  be  uaed.  On* 
will  be  specifically  for  waste  explosive*  or  propellants.  The  ocher  will 
handle  materials  such  as  wood  or  paper  which  have  been  contaminated  with  amall 
amount*  of  high-enersy  materials. 

Contaminated  Waat*  Incinerator 

The  contaminated  waste  incinerator  is  currently  opera- 
tional at  RAAP.  This  unit  is  an  "air  curtain"  incinerator.  The  materials 
to  be  burned  are  placed  upon  a grating.  An  air  curtain  surrounds  the  grating, 
and  air  also  circulates  under  tha  grating  to  promote  complete  combustion. 

This  incinerator  la  essentially  an  open  burning  system.  However,  the  forced 
air  circulation  promotes  complete  combustion  and  helps  contain  combusting 
materials  in  tha  burning  sons. 

Explosive  Waste  Incinerator 

The  explosive  waste  incinerator  was  constructed  and  com- 
pleted in  1977.  However,  it  does  not  meet  performance  specif icationa  and  re- 
quires modification.  These  modification*  are  expected  to  be  underway  in 
early  1978,  The  incinerator  should  com*  on  stream  in  1st*  1978  or  early  1979. 

The  incinerator  i*  a rotary  kiln  type  with  a barrel  about 
10  ft.  long.  Waste  propellants  are  ground  and  slurried  with  water.  They 
then  fed  into  the  kiln  countercurrent  to  an  oil  fired  flam*.  This  system  will 
permit  complete  and  controlled  destruction  of  the  explosive  materials, 

2.  Wastes  from  Loading  Operations 

Propellant  wastes  from  loading  operation*  are  generally  limited  to 
eolid  particles  which  are  spilled  at  loading  sites.  A*  an  example,  in  the 
loading  of  ball  powder  into  cartridges,  a cartridge  will  occasionally  over- 
turn, dumping  the  contents  on  or  near  the  loading  equipment. 

Solid  wastes  of  this  type  are  generally  collected  dry  and  trans- 
ported to  a burning  sit*.  Dust  or  residuals  are  collected  in  washdown  opera- 
tion!, generally  at  the  end  of  each  shift.  In  some  ceeee,  solid*  are  segre- 
gated  and  burned.  In  others,  they  are  discharged  with  the  water, 

3,  Outdated  Propellants 

Munitions  which  ere  out  of  epee  if '-cation,  or  have  exceeded  their 
maximum  shalf  lift,  must  bu  diepoaed  of.  Aleo  rockat  motor  cataa  ar#  some- 
time* clatrsd  nut  for  reuse  if  the  original  propellant  loading  was  unsstis- 
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factory.  Theca  operations  nay  generate  a substantial  amount  of  waste  pro- 
pellant. 

a.  Current  Disposal  Methodology 

Cartridges  or  small  rocket  motors  may  be  emptied  easily  by 
dumping.  The  propellants  thus  collected  era  merely  transported  to  burning 
sites  for  disposal. 

Larger  motors  In  which  the  propellant  is  cemented  In  or  cast 
in  place  require  more  complex  removal  methods.  The  propellant  may  be  machined 
out,  or  removed  hydraulically  or  with  steam.  These  processes  generally  leave 
residual  propellants  in  the  cases.  These  are  removed,, by  solvents  or  by  water 
washing. 

Washing  out  large  motor  cases  generates ’ large  amounts  of  con- 
taminated wastewater.  At  Longhorn  AAP,  motor  oases  cleaning  operations  were 
causing  the  evaporation  pond  to  he  overfilled.  Consequently,  motor  cleaning 
la  no  longer  accomplished  at  the  pond  site. 

b.  Future  Disposal  Plana 

As  with  other  sources  of  propellant  waste,  outdated  propellants 
will  be  Incinerated  in  the  future  rather  than  burned  in  open  pits.  Contami- 
nated waatewatera  will  be  segregated  for  filtration  and  other  physical  or 
chemical  treatment  as  required. 

A new  Army  demilitarisation  facility  is  under  construction  at 
Hawthorne,  Nevada.  This  facility  is  scheduled  to  be  operational  in  1980  and 
will  be  the  primary  location  for  demilitarisation  and  disposal  of  waste  or 
outdated  munitions.  Only  munition  end  items  which  have  been  sent  to  the 
field  will  be  treat*.,1,  at  Hawthorne.  The  individual  AAP*  a will  still  have  the 
responsibility  for  disposal  of  wastas  gsnarated  from  thair  own  operations. 
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SUMMARY 


Ethyl  centralite  is  a urea  derivative  used  exclusively  In  the  United 
States  as  a stabiliser  in  solid  propellant  formulations.  The  stabilizing 
action  of  ethyl  centralite  is  through  its  reaction  with  nitrites  and  nitrates 
formed  by  the  decomposition  of  the  propellant  primary  explosives,  i.e.  nitro- 
cellulose, nitroglycerin  and  nitroguanidine.  Percentage  of  ethyl  centralite 
in  the  propellant  formulations  range  from  0.02%  to  6.SX.  Ethyl  centralite  ia 
used  at  all  four  of  the  Army's  propallant  manufacturing  plants  when  they  are 
in  operation.  Theae  plants  are  Radford,  Badger,  Sunflower  and  Indiana  AAP. 
Currently  only  Radford  and  Indiana  AAPa  are  operational.  Current  consumption 
of  ethyl  centralite  at  Radford  AAP  is  31,000  lb/month.  At  full  mobilization 
150,000  lb/month  would  be  used  by  Radford  AAP  alone.  Ethyl  centralite  enters 
the  environment  from  the  preparation  operations,  building  washdown  and  in 
procaaa  water  from  the  advent  process  propellant  production.  Current  Radford 
AAP  discharges  to  the  New  River  are  estimated  at  300  to  530  lb/month.  At 
full  mobilization  discharges  up  to  2500  lb/month  could  occur. 

At  the  present  time,  there  ere  no  producers  of  ethyl  centralite  in 
the  United  States.  There  ie  one  manufacturing  facility  for  ethyl  centralite 
in  the  United  States,  however,  it  ia  currently  not  operational.  The  supplies 
of  ethyl  centralite  are  obtained  from  French  or  German  acurceB. 

Only  one  mammalian  toxicity  study  on  ethyl  centralite  was  un- 
covered during  this  preliminary  overview.  Thus*  raaaarchers  found  an  intra- 
parltoneal  LD50  of  200  mg/kg  for  mice.  In  an  aquatic  toxicity  study  with 
salmon,  ethyl  centralite  was  shown  to  be  extremely  toxic  to  aquatic  life. 

Thus,  ethyl  centralite  is  a compound  that  la  unique  to  propellant 
manufacturing.  Since  the  military  is  one  of  the  main  formulators  of  pro- 
pellants, ethyl  centralite  can  be  considered  a military  unique  chemical. 
Therefore,  the  following  studies  sre  recotnmsndsd  to  further  evaluate  the 
toxicological  and  environmental  hazards  of  ethyl  centralite: 


- a Phase  II  detailed  literature  evaluation 

- analysis  of  asdiment  sample 

- aquatic  toxicity  studies  if  the  literature  evalua- 
tion reveals  the  need  for  more  information 


FOREWORD 


This  report  details  the  results  of  a preliminary  problem  definition 
study  on  ethyl  centralite.  The  purpose  of  this  study  was  to  assess  the 
Army's  responsibility  for  conducting  further  research  on  ethyl  centralita  in 
order  to  determine  its  toxicological  end  environmental  hazards  so  that 
effluent  standards  can  be  recommended.  In  order  to  determine  the  Army's  re- 
sponsibility for  further  work  on  ethyl  centralite, the  military  and  civilian 
usage  and  pollution  of  this  chemical  were  evaluated.  In  addition,  a pre- 
liminary overview  of  toxicological  and  environmental  hazards  was  conducted. 

Ethyl  nentrallte  was  only  one  of  4b  .hamlcals  evaluated  under  Phase  1A 
of  contract  No.  DAMD17-77-C-7057.  These  chemicals  are  grouped  in  four 

categorise 


- explosives  related  chemicals 

- propellant  relatud  chemicals 

- pyrotechnics 

- primers  and  tracers 

Each  category  is  a major  report.  Section  1 of  each  report  is  an  overview  of 
the  military  processes  which  use  each  chemical  and  the  pollution  resulting 
from  the  use  of  these  chemicals.  The  problem  definition  study  reports  on 
each  chemical  are  separable  sections  of  these  four  reports. 

In  addition,  a general  methodology  report  was  also  prepared.  This  report 
describes  the  search  strategy  and  evaluation  methodology  utilized  during 
this  study. 
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II.  ETHYL  CENTRAL ITE 

A.  Alts  rnata  Names 

Ethyl  cantralita  Is  a ursa  derivative  possasslng  tha  following  structural 


H3C  — CH2  CH*-  CH3 


It  has  a molacular  formula  of  Ci7H2gN20  and  ® corrasponding  molacular  walght 
of  268.36  g/mola.  Altarnata  namas  for  athyl  cantralita  ara  listed  balowi 

85-98-3 

Ursa , N , N * -diathyl-N , N * -diphenyl- 
Carbanilide,  N,N' -d lathy 1- 
2NR&VN2&R 

Carbamlta,  Cantralita,  Cantralita  1; 

1 , 3-d iathyl- 1 , 3-d lphany lur aa ; Ethyl 
cantralita;  N,N'-diathyl-N,N'-  dlphanyluraa; 
N,N'-diethylcsrbanilide;  Sym-diathyl- 
diphanyluraa. 

B.  Physical  Propartias 

Tha  physical  propartias  of  athyl  cantralita  ara  prasantad  in  Tabla  II-l. 

Tha  lnfrarad  spactrum  of  ethyl  cantralita  shows  absorptions  at  3050.  2980, 

2940,  1660,  1600.  1300,  1450,  1390,  1370,  1290,  1270,  1130,  1080,  1070, 

750,  and  690  cm”*  (CRC,  1974).  Tha  ultraviolet  spectrum  of  ethyl  cantralita 
in  methanol  shows  an  absorption  maxima  at  245  mu  (CRC,  1974). 

C.  Chemical  Propartias 
1.  General  Reactions 

Nltrosatlon  and  nitration  studies  on  ethyl  cantralita  have  bean  con- 
ducted to  examine  its  rola  as  a propellant  stabiliser  (Tsymas  at  al.t  1977; 

Roy,  1968).  Nltrosatlon  was  performed  using  nitrous  acid  (HN02)  in  hydro- 
chloric acid  (HC1).  Tha  amounts  of  nitrous  acid  employed  ranged  from  2 to  50 
molar  equivalents  of  athyl  cantralita. 

0 o 

mm  c — ^ + NaN02  + HC1  ‘I'hoii^  Products 

C—CH2  CH2-CH3 


U 


CAS  Registry  No. 

CA  Name  (9  Cl) s 
CA  Nama  (8  Cl): 

Wlsvasaar  Line  Notation: 
Synonyms : 
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TABLE  II-l. 
Physical  Form  (3  20*Cs 
Color: 

Odor  t 


Physical  Propartias  of  Ethyl  Cantrallta*. 
Crystallina  aolld 
Whits 
Pappary 


M.P.  : 

B.P.l 

Spaclflc  Gravity: 
Solubility: 


79*C 

325-300*C 

1.12  0 20*C 

Watar  - ineolubla 

Solubla  in  moat  organic  aolvanta. 


*Rafaraneas:  Wlndhola,  1976;  Sax,  1976;  Hawley,  1977, 


The  major  products  war*  various  nitro  derivatives  of  ethyl  centralite,  When 
concentrations  greater  than  8 equivalents  of  nitrous  acid  ware  used,  nitro- 
N-ethylanilines  and  trinitrobenzene  appeared  in  the  product  mixture.  It 
was  necessary  to  raise  the  concentration  of  HNO2  to  50  molar  equivalents 
before  unreacted  ethyl  centralite  was  not  found  in  the  products.  At  this 
high  concentration,  traces  of  nitro-anllines  ware  formed. 


Ethyl  centralite  was  nitrated  by  the  action  of  a standard  mixture 
of  sulfuric  and  nitric  acids  at  5°C  for  1 hour. 


5*C 

rra  p^ducts 


The  amount  of  nitric  acid  used  ranged  from  1 to  112  molar  equivalents  relative 
to  ethyl  centralite.  Minimal  reaction  was  observed  using  1 molar  aqulvalant 
of  HNO3.  Higher  concentrations  of  nitric  acid  yielded  numerous  nitro  deriva- 
tives, nitro-N-ethyl anilines,  nitroani lines,  and  miscellaneous  nltro  aromatics. 


Roy  (1960)  also  attempted  to  hydrogenate  ethyl  centralite.  He 
treated  it  with  H2  at  20  pal  end  Pt  black  and  Pd  black  catalysts.  No  reaction 
was  observed. 


no  reaction 


2.  Environmental  Reactions 

Ethyl  centralite  is  stable  in  water.  Its  resistance  to  hydrolysis 
has  been  attributed  to  the  bulkiness  of  the  ethyl  and  phenyl  substituents. 
Hydrolysis  involves  initial  nucleophilic  attack  by  hydroxide  anion  (or  by 
a molecule  of  water  in  acid) . The  mechanism  in  acid  requires  prior  protona- 
tion of  carbonyl  oxygen,  enhancing  its  electrophilic  character.  The  carbonyl 
reforms  as  N-sthylaniline  is  lost.  The  N-substituted  carbamlc  acid  spontan- 
eously decarboxylates  forming  a second  N-ethylanlline  and  CO2.  The  hydrolysis 
is  shown  schematically  in  Figure  II- 1. 
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Hydrolysis  has  been  observed  in  strong  sulfuric  acid.  Following 
reflux  of  sthyl  centralite  for  thrss  hours  In  30%  H2SO4,  94%  of  ths  starting 
material  was  rscovsrsd.  Nona  of  ths  axpactad  hydrolysis  product  was  found. 
Refluxing  for  four  hours  in  40%  H2SO4  yielded  tar  formation  and  traces  of 
N-athylaniline.  Complete  hydrolysis  was  achieved  by  refluxing  ethyl  centre- 
lit*  for  three  hours  in  60%  H2SO4.  Seventy-on*  precant  of  the  theoretical 
N-athylaniline  was  recovered  with  tar  formation  accounting  for  the  remaining 
material. 


Evan  under  severe  conditions,  ethyl  cantrallt*  resists  base 
catalysed  hydrolysis.  Ninety  percent  of  the  starting  material  was  recovered 
following  four  hours  of  refluxing  in  50%  aqueous  NaOH.  Minor  amounts  of 
tars  formed. 

3.  Sampling  and  Analysis 

Two-dimensional  thin  layer  chromatography  can  be  employed  for  the 
Isolation  of  ethyl  centr elite.  It  has  bean  used  in  the  examination  of  the 
products  of  reactions  of  centralite  (Roy,  1968}  Taymss  et  al,t  1977)  and 
in  the  determination  of  centralite  and  derivatives  in  artificially  aged 
propellants  (Roy,  1968).  Separation  was  achieved  on  glees  pic. tea  coated 
with  silica  gel  with  a two  develops*  (solvent)  system.  The  sample  was 
first  chromatographed  using  ethylene  dichloride  and  then  chromatographed 
at  right  angles  with  a 75:25  petroleum  ether tathyl  acetate  solution. 

Ethyl  centralite  may  also  be  identified  by  its  absorption  spectrum 
Umax  - 247  nm) . However,  the  presence  of  N-ethylanillne  (Xmax  - 247  tm ) will 
interfere  with  this  determination. 

D.  Uses  in  Army  Munitions 

1,  Purposes 

Ethyl  centralite  ia  used  as  a stabiliser  for  numerous  propellant 
formulations  as  shown  in  Table  II- 2.  These  formulations  include  single, 
double  and  multibas*  propellants  made  by  both  solvent  and  solventless 
processes.  Ethyl  centralite  is  used  at  all  facilities  which  manufacture 
propellants,  including  Badger  AAP,  Sunflower  AAP,  Radford  AAP  and  Indiana  AAP. 

2.  Quantities  Used 

A.  Historical  Use 

The  average  amount  of  ethyl  centralite  used  at  Radford  AAP 
during  the  period  1968-1977  was  343,200  lb  annually.  The  major  use  was 
in  double  end  multi-base  propellants,  which  account  for  87  percent  of  the 
ethyl  centralite  used.  Most  of  the  remainder  was  used  in  the  single  base 
propellent,  BS-NACO.  About  1 percent  was  used  to  make  the  M-8  formulation, 
which  is  a solventlesa  process, double  base  propellant.  Ths  specific  amounts 
of  ethyl  centralite  procured  by  RAAP  during  the  period  1968-1977  are  given 
below  (Watts,  1978). 
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Table  11-2.  Propellants  Having  Ethyl  Cantrallte  As  an  Ingredient 

(Hercules,  Inc.,  1977) 


Formulation 

Benite 
BS  - NACO 
HES  6706-1 
M-7 

M-7  for  TOW 


M-26E1 

PNJ  Casting  Powder 

M-8 

M-30 

M-30A1 

M-30A2 

PNJ  for  TOW 

Bermite 

MR- 23  adhesive 


X Ethyl  Centrallte  In  Formulation 


0.5  + 0.1 


1.2  + 0.2 
0.8 


6.0  + 0.5 
6.0  + 0.5 


0.6  + 0.2 
1.5  + 0.1 
1.5  4;  0.1 
1.5  + 0.1 


0.3  + 0.1 
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L 


A <, 


1968  AM  AHO  A22A  AIZi  12ZA  121i  1211  1224  1221 

311,178  893,930  140,330  233,430  444,323  60,723  399,469  336,650  283,268  304,649 

b.  Current  Uae 

During  1977,  Radford  AAP  used  ethyl  centralite  at  an  avaraga 
rate  of  31,200  lb/mcmth.  Baaed  upon  December,  1977,  production  of  propellante, 
tht  following  amounts  of  ethyl  centralite  were  used  in  December,  1977,  alone: 


Propellant 

Lb.  Produced 
December,  1977 

Lb.  Ethyl 
Centralite  Used 

Bermite 

25,000 

125 

M-7 

6,000 

54 

M-26 

242,000 

14,520 

M-8 

32,000 

192 

M-30 

683,000 

10,245 

M-30A2 

453,000 

6.795 

31,931 

Thus,  December,  1977,  waa  a typical  month  with  reapect  to  uae  of  ethyl  cen- 
tralite with  about  102%  of  the  average  monthly  amount  conaumed. 

c.  Use  at  Full  Mobilization 

Not  all  of  the  propellante  apecifying  ethyl  centralite  in  their 
formulations  could  be  produced  at  the  eame  time,  aa  they  uae  common  facili- 
ties. It  is  estimated,  however,  that  full  mobilization  operations  at  Radford 
AAP  would  consume  about  150,000  lb/month  of  ethyl  centralite. 

3.  Documented  or  Speculated  Occurrencea  in  Air  or  Water 

The  actual  concentrations  of  ethyl  centralite  in  waste  streams 
have  not  been  measured.  Effluents  containing  ethyl  centralite  would  be 
expected  to  be  generated  from  the  following  sources : 

- Preparation  operations  Including  weighing,  grinding,  or 
classification.  Dust  or  particulates  are  collected  in 
wet  scrubbera  from  which  both  solid  wastes  and  contam- 
inated effluents  may  be  generatod. 

- Residues  from  washdown  operations  generate  effluents 
which  are  filtered  and  dlschrrged.  Collected  solids  are 
traneported  to  the  burning  grounds. 
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- Process  water  from  the  manufacture  of  propellants  by  the 
solvent  process,  These  effluents  appear  in  the  C-line 
waste  water  stream,  the  48-inch  general  purpose  sewer,  and 
the  solvent  recovery  area  discharges, 

- Process  wastes  from  solventless  propellant  manufacture. 

These  effluents  appear  in  the  rolled  powder  area  waste 
streams. 

It  is  estimated  that  1-2S  of  the  propellants  produced  are  lost 
during  processing  operations.  Another  2—3%  of  the  ethyl  centralite  handled 
may  be  lost  during  preparation  operations  (Dickers- mi,  1978).  Thus,  total 
amount  of  ethyl  centralite  in  waste  streams  amounts  900-1600  lb/month, 
based  upon  current  production  rates  at  Radford  AAP.  Pull  mobilisation  losses 
would  range  from  4,500  to  7,500  lb/month. 

Ethyl  centrallti  is  sparingly  soluble  in  water.  Much  of  the 
material  lost  is  collected  in  solid  form  on  effluent  stronm  filters.  This 
matsrial  may  be  collected  and  burnad,  thus  navar  reaching  the  New  River. 
However,  depending  upon  the  frequency  of  particulate  removal  from  the 
filters,  some  ethyl  centralite  may  laach  out  of  the  collected  solids.  It  is 
estimated  that  1/3  of  tha  total  athyl  cantralita  losa  may  ultimataly  appaar 
In  offluants  reaching  tha  Haw  River. 

E.  Uses  in  the  Civilian  Community 

1.  Production  Methodology 


Ethyl centralite  is  made  by  tha  reaction  of  phoagene  with  two 
equivalente  of  N-ethylanlline. 


The  reaction  ie  run  in  the  absence  of  water  and  HC1  is  removed  as  a gas 
(Cordova  Chemical,  1977). 

2.  Manufacturers,  Production  and  Capacity 

In  tha  recant  past,  Story  Chemical  Company  was  tha  only  U.S.  manu- 
facturer of  ethyl  centralite.  Story  wee  recently  purchased  by  the  Cordova 
Chemical  Company,  who  has  currently  shut  down  all  plant  operations.  Ho  deci- 
sion has  been  mads  as  to  whether  or  not  Cordova  will  resume  the  production 
of  ethyl  centralite  (Cordova  Chemical,  1977).  Former  production  and  capacity 
statistics  are  unavailable, 
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3.  Usages 

Thera  are  no  non-propellant  related  usee  of  ethyl  centralite, 

4.  Future  Trends 

No  new  civilian  uses  for  ethyl  centralite  are  anticipated, 

5.  Documented  or  Speculated  Occurrences  in  the  Environment 

No  occurrences  of  othyl  centralite  in  the  environment  from  civilian 
manufacture  have  been  recorded  in  the  literature. 

F.  Comparison  of  Military  and  Civilian  Usage  and  Pollution 

The  only  major  use  of  ethyl  centralite  in  the  United  Status  is  as  a 
stabiliser  in  propellants.  There  are  no  U.S.  civilian  producers  which 
currently  manufacture  ethyl  centralite.  The  Army  purchases  all  of  its 
ethyl  centralite  from  French  or  German  sources  through  the  following 
importers: 

- Wallach-Gracsr  Export  Corporation 

- Kingsley  and  Keith 

Thus,  the  Army  is  the  major  user  and  polluter  of  ethyl  centralite. 

G.  Toxicological  and  Environmental  Hasards 

1.  Toxicity  to  Mammals 

Little  research  has  been  conducted  on  the  toxicity  of  ethyl  cen- 
tralite. Doull  et  al.  (1962)  studied  the  toxicity  of  ethyl  centralite  to 
mice.  They  found  the  intraperitoneal  LD50  for  ethyl  centralite  to  be 
200  mg/kg.  This  result  would  indicate  that  ethyl  centralite  is  a fairly 
toxic  substance.  It  is  also  known  that  ethyl  centralite  esn  be  absorbed 
through  the  skin.  A need  for  further  investigation  into  the  mammalian 
toxicity  of  ethyl  centralite  is  Indicated  by  this  limited  study. 

2.  Aquatic  Toxicity 

The  distribution  of  othyl  centralite  in  the  aquatic  environment 
has  not  been  studied,  MacPhee  and  Ruelle  (1969)  found  that  when  the  Northern 
Squawfish  ( Ptyahoaheilua  owgonaneie) , Chinook  Salmon  (.Onocrhynohua 
tahcojytaoha) , and  Coho  Salmon  (0.  kieutoh)  were  exposed  to  10  ppm  of  ethyl 
centralite,  they  died  within  one  to  three  hours. 

Based  upon  the  estimated  losses  of  ethyl  centralite  at  RAAP,  a 
typical  concentration  of  this  material  in  the  New  River  would  be  from  1-20 
ppb.  However,  at  full  mobilisation,  it  appeare  that  ethyl  centralite  would  a 
be  toxic  hasard  to  aquatic  organisms  in  the  New  River.  Also,  much  of  the 
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ethyl  centralite  released  Into  the  effluent  Is  due  to  washdown,  which  would 
produce  a surge  in  the  levels  of  ethyl  centrallte  in  Mew  River  and  increase 
the  toxicity.  Eventually,  due  tc  ethyl  centralite's  insolubility,  most  of 
the  compound  will  be  found  in  the  sediment.  Data  on  the  accumulation  or  bio- 
concentration  of  ethyl  centralite  in  aquatic  systems  is  not  available.  A 
likely  degradation  pathway  could  be  the  hydrolysis  of  ethyl  centralite  to 
form  N-ethylaniline.  The  impact  of  N-ethylaniline  on  aquatic  organisms  and 
aquatic  systems  has  not  been  studied. 

3.  Toxicity  to  Invertebrates,  Microorganisms  and  Plants 

No  information  was  encountorad  on  the  toxicity  of  ethyl  centralite 
tr  invertebrates,  microorganisms  or  plants. 

4.  Availability  of  Literature  for  Phase  II 

Only  two  toxicological  studies  ware  found  on  ethyl  centralite  dur- 
ing this  preliminary  overview.  Sufficient  information  for  a Phase  II  detailed 
evaluation  of  the  environment  and  toxicological  hasards  of  ethyl  centralite 
should  be  available  from  the  foreign  literature,  manufacturers  and  by  com- 
parison to  closely  related  compounds. 

H.  Regulations  and  Standards 

There  are  no  United  States  effluent  or  industrial  hygiene  standards  for 
ethyl  centralite.  This  compound  is  not  listed  in  the  "EPA  Toxic  Substances 
Control  Act  Candidate  List  of  Chemical  Substances." 

I.  Conclusions  and  Recommendations 


The  goal  of  this  preliminary  problem  definition  study  was  to  evaluate 
the  Army's  responsibility  for  conducting  further  studies  on  ethyl  centralite. 
From  the  information  presented  in  this  report  the  following  conclusions  can 
be  drawn: 


1.  Ethyl  centralite  is  a military  unique  compound.  It  la  not  currently 
manufactured  in  the  United  States.  The  only  reported  use  of  this  compound 

is  as  a stabiliser  in  solid  propellant  formulations. 

2.  Amounts  up  to  2500  lb/month  of  ethyl  centralite  could  be  dis- 
charged from  Radford  AAP  into  the  New  River  at  full  mobilisation. 

3.  Due  to  its  low  solubility  in  water,  most  of  the  ethyl  centralite 
will  accumulate  in  the  sediment.  It  may  also  bioaccumulate  in  aquatic 
organisms. 


4.  The  limited  toxicological  literature  evaluated  during  this  study 
indicates  ethyl  centralite  is  highly  toxic  to  aquatic  organisms  and  moderate- 
ly toxic  to  mammals. 
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As  a result  of  this  preliminary  problem  definition  study,  it  Is  concluded 
that  further  research  on  ethyl  centralite  should  be  the  Army's  responsibility. 
It  is  therefore  recommended  that  the  following  studies  be  undertaken 

- A Phase  II  detailed  evaluation  of  the  toxicological  and  environ- 
mental hnrards  of  ethyl  centralite  should  b*  initiated. 

- Sampling  of  sediments  near  the  Rauiord  AAP  outfalls  should  be 
undertaken  to  evaluate  the  accumulation  of  ethyl  centralite. 

- Depending  on  the  findings  in  the  Phase  II  literature  evaluation, 
additional  aquatic  toxicological  studies  should  be  undertaken.  Bioaccumula- 
tion factors  should  also  be  evaluated  during  this  study. 
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SUMMARY 

Diphanylamine  ia  used  In  single  base  solid  propellant  formulations 
produced  by  the  solvent  process  at  Radford,  Sunflower,  Badger  and  Indiana 
Army  Ammunition  Plants  (AAP).  It  is  present  In  the  propellants  In  amounts 
ranging  from  0.5  to  1.7%,  in  the  propellants,  diphanylamine  acts  as  a 
stabilizer  by  reacting  with  NO  and  NO2  formed  from  the  degradation  of  the 
nitrate  ester  primary  explosives.  Current  use  of  diphanylamine  at  Radford 
AAP  is  120,000  lb/year.  At  full  mobilization,  1,284,000  lb/year  of  diphenyl- 
amine  would  be  formulated  into  propellants  at  Radford  AAP.  Estimated 
discharges  of  diphanylamine  into  the  New  River  are  between  1600  and  2650 
lb/month  at  full  mobilization.  If  all  four  propellant  plants  were  utilizing 
this  chemical  at  approximately  the  same  full  mobilization  rate,  the  Army 
would  need  5,136  million  lb  of  diphanylamine  per  year. 

Diphanylamine  is  used  in  the  civilian  community  as  an  intermediate  for  a 
variety  of  dyes  and  as  an  antioxidant  for  rubber.  In  1974  civilian  production 
of  this  compound  was  39.9  million  lb/year.  This  production  rate  will  increase 
as  the  dye  and  rubber  market  grows  and  as  planned  new  diphanylamine  production 
facilities  become  operational. 

Diphanylamine  is  moderately  toxic  to  mammals  in  acute  doaea.  The  major 
problem  of  chronic  exposure  to  this  chemical  is  the  presence  of  4-amino- 
biphenyl  as  an  impurity.  The  presence  of  this  carcinogen  has  overshadowed 
some  of  the  results  of  chronic  exposure  studies  with  diphanylamine. 

Diphanylamine  is  highly  toxic  to  aquatic  organisms  with  48  hour  LC50 
ranging  from  0.35  to  3.2  ppm,  Microorganisms  are  able  to  produce  nitrosamine 
from  nitrate  and  diphanylamine.  These  compounds  can  be  further  degraded. 
However,  their  effect  on  the  environment  has  not  bean  resolved. 

Diphanylamine  is  not  a military  uniqua  chemical.  The  currant  Army 
use  rate  of  this  chemical  is  only  0.02%  of  the  1974  civilian  production.  At 
full  mobilization,  the  Army's  needs  could  increase  to  13%  of  the  1974 
production.  Sufficient  information  is  not  available  to  assess  the  civilian 
pollution  of  this  chemical.  The  pollution  of  this  chemical  resulting  from 
current  propellant  manufacture  at  Radford  AAP  is  estimated  at  1800  to  3000 
lb/year.  This  discharge  is  probably  ^5%  of  that  from  civilian  production 
and  use.  Therefore,  the  Army's  responsibility  for  further  research  on  this 
chemical  la  questionable,  However,  due  to  the  high  aquatic  toxicity  of 
diphanylamine , very  low  levels  (12  ppb)  have  been  suggested  for  protection 
of  aquatic  organisms.  If  this  suggested  level  is  adopted,  the  Army  may  not 
be  able  to  meat  the  effluent  standard.  Therefore,  it  is  recommended  that 
the  following  studies  be  undertaken 

- Sampling  and  analysis  at  Radford  be  performed  to  determine 
the  quantity  of  the  compound  entering  the  New  River 

- A literature  evaluation  of  the  fate  of  this  chemical  in  the  eco- 
system and  in  proposed  treatment  facilities  


uncmup  pa os  iuaik 
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- Depending  on  the  results  of  the  literature  evaluation, 
experimental  studies  on  the  fate  of  this  compound  may  be  necessary. 


FOREWORD 


This  report  details  the  results  of  a preliminary  problem  definition 
study  on  diphenyl amine.  The  purpose  of  this  study  was  to  determina  the  Army's 
responsibility  for  conducting  further  research  on  diphsnylamina  in  order  to 
determine  its  toxicological  and  environmental  haeards  so  that  effluent 
standards  can  be  recommended.  In  order  to  determine  the  Army's  responsibility 
for  further  work  on  diphenylamine , the  military  and  civilian  usage  and  pollu- 
tion of  this  chemical  were  evaluated.  In  addition.  A preliminary  overview 
of  toxicological  and  environmental  hazards  was  conducted. 

Diphenylamine  was  only  one  of  the  48  chemicals  evaluated  under  Phase  1A 
of  contract  No.  DAMD17-77-C-7057.  These  chemicals  are  grouped  in  four 

categoriee 


- explosives  related  chemicala 

- propellant  related  chemicals 

- pyrotechnics 

- primers  and  tracers 

Each  category  is  a major  report.  Section  I of  each  report  is  an  overview  of 
the  military  processes  which  use  each  chemical  and  the  pollution  resulting 
from  the  use  of  these  chemicals.  The  problem  definition  study  reports  on 
each  chemical  are  separable  sections  of  these  four  reports. 

In  addition  a general  methodology  report  was  also  prepared.  This  report 
describes  the  search  strategy  and  evaluation  methodology  utilized  in  this 
study. 
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III. 


DIPHENYLAMINE 


A.  Alternate  Names 


Diphenylamlne  1b  an  ammonia  derivative  having  the  following  structure: 


I 

H 


The  molecular  formula  of  diphenylamlne  la  C^H^N  corresponding  to  a molecu- 
lar weight  of  169.22g/mole.  Alternate  names  for  diphenylamlne  are  presented 
below: 


CAS  Registry  No.: 

Replacea  CAS  Registry  No.: 
CA  Name  (9CI): 

CA  Name  (8CI) : 

Wiawesaar  Line  Notation: 
Synonyms : 


122-39-4 

16044-89-6 

Benzenamlne,  N-phenyl- 

Dlphenvlemlna 

RMR 

Anilinobenzene;  Blpheny lamina}  DFA;  DPA; 
N-phenylanillne;  (Phenylamino) benzene 


B.  Physical  Properties 

The  physical  properties  of  diphenylamlne  are  presented  in  Table  1II-1. 
The  Infrared  spectrum  of  diphenylamlne  la  presented  in  Figure  XII-1. 


II.M4-I  ism  telteee.  *8.9  %.  Ullk 


Figure  III-l.  Infrared  Spectrum  of  Diphenylamlne 
(Pouchert,  1970). 


The  ultraviolet  spectrum  of  diphenylamlne  shows  an  absorption  maximum  at 
282  mu.  (CRC,  1974). 
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Table  I1I-1.  Physical  Properties  of  Diphenylamine*. 


Physical  Form  @ 20°C s 
Color: 

Odor: 

M.P. : 

B.P.: 


Specific  Gravity: 

Flash  Point: 

Autoignitlon  Temperature: 
Solubility: 


solid  leaflets  \ 

colorless  to  grayish;  darken  on 
exposure  to  light 

floral  ) 

52.85°C  j 

302°C  0 760  mmtlg  ;( 

179°C  9 22  rno  Hg 

168.5-70  0 14  mm  Hg  ■ i 

1.159  ii 

153°C 

635°C  .! 

vater  - 0.0018g/100g  (?  10°C 

0.0023g/100g  0 15°C  'j 

0.0029g/100g  ® 20°C  . J 

0.0036g/100g  @ 25°C 

0.0044g/100g  0 30°C 

acetone  - 70.57g/100g  0 0°C  ^ 

74.91g/100g  0 28°C 

a ' * 

methanol  - 21.08g/100g  0 0 C i 

55.15g/100g  @ 28°C  • 1 

ethanol  - 35.9g/100g  0 19.5®C 

ethyl  ether  - 76.45g/100g  0 28°C  : 

chloroform  - 57.35g/100g  0 28°C 

benzene  - 73.54g/100g  0 28°C 


*Referencea:  Windholz,  1976;  International  Technical  Information  Institute; 
Seidell,  1928. 
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C.  Chemical  Properties 


1.  General  Reactions 

Two  aromatic  substituents  significantly  alter  the  chemistry  of 
dipheny lamina  from  aliphatic  amines.  Dipheny lamina  is  an  extremely  weak 
base  and  the  amine  proton  is  remarkably  labile.  It  is  exchanged  Immediately 
for  a heavy  proton  in  dauteratad  solvents. 


H D 


Anhydrous  treatment  with  alkali  metal  can  even  remove  the  proton  (Kirk  and 
Othmar , 1964b) . 


The  C-N  bonds  possess  a significant  amount  of  double  bond  character,  making 
them  stronger  than  normal  single  bonds.  Pyrolysis  at  1050*C  results  in 
minimal  cleavage.  The  major  product  is  carbaaole  (Brusel  and  Schmelts, 
1971). 


+ minimal 
cleavage 


Catalytic  reduction  at  200* C gives  a mixture  of  N-cyclohexy lamina 
and  dicyclohaxy lamina.  At  250*C,  reduction  occurs  with  cleavage. 


H 

cro 


+ nh3 
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Treatment  of  diphenylamine  with  potassium  permanganate  or  several 
other  oxidising  agents  yields  tatraphanylhydraalne  (Kirk  and  Othmer , 1964b). 


Treatment  with  milder  reagents  roaults  in  oxidative  coupling  through  the 
aromatic  rings. 


H 

I 


Dlphany lamina,  like  other  amines,  can  behave  as  a nitrogen  nucleo- 
phile. It  reacts  readily  with  organic  acid  chlorides  and  anhydrides  to 
yield  N , N-diphenylamides  (Kirk  and  Othmer,  1964b). 


When  heated  in  the  presence  of  dehydrating  agents,  these  amides  are  trans- 
formed to  acridine  derivatives  (Kirk  and  Othmer,  1964b). 


CH. 

I 3 

c • o 


ch3 


The  nitrogen  nucleophilic  activity  of  diphenylamine  is  limited  by 
the  bulkiness  of  the  phenyl  substituents.  In  situations  Where  steric  consid- 
erations are  important,  the  nucleophilic  sites  on  the  aromatic  rings  are 
more  reactive.  In  the  reaction  of  triphenylmethyl  chloride  with  dlphenylamine 
the  para  postion  of  the  phenyl  ring,  not  the  amine  hydrogen,  behaves  as 
the  nucleophile  (Kirk  and  Othmer,  1964V) • 
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The  aromatic  rings  of  diphanylamina  ara  more  susceptible  to  elec- 
trophilic substitution  than  benzene.  Haloganation  occurs  readily  and  is 
difficult  to  atop  at  the  mono-  or  di-  substituted  product.  The  tetra- 
■ubstituted  product  is  lsolatabla  and  the  reaction  may  be  driven  to  yield 
parchlorodiphanylamlna . 


The  nitration  of  diphanylamina  in  relation  to  its  use  aa  a propel- 
lant stabilizer  has  been  well  studied  (Apatoff  and  Norwitz,  1973).  Treat- 
ment with  nitrous  acid  produces  the  nitroso,  nitro-  and  dinitro  derivatives. 
Prolonged  treatment  with  the  acid  leads  to  polynitro-  compounds. 


polynitrodlphanylamlnc 
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Diphenylamlne  reacts  with  formaldehyde  and  acetone  to  yield  a 
variety  of  products  depending  upon  reaction  conditions  (Kirk  and  Othmer, 
1964b).  Refluxing  of  equimolar  amounts  of  diphenylamlne  and  formaldehyde  in 
bensene  yields  tetraphenylmathylenediamina. 


Addition  of  dilute  acids  reverses  the  reaction. 


If  excess  diphenylamlne  is  reacted  with  formaldehyde  in  the  presence  of  cata- 
lytic  amounts  of  acid  , p , p ’ -dlanillnodlphenylmathane  is  formed. 


Prolonged  heating  results  in  polymeric  resins  being  formed. 


Acetone  will  react  with  excess  diphenylamlne  in  the  presence  of  an 
acid  catalyst  to  yield  tetraphenyl  2t2'-diamlnopropane. 


If  the  ketone  is  in  excess,  viscous  oils  containing  diary laaines  are  formed. 
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2.  Environmental  Reactions 

The  photolysis  of  dlphenylamine  in  an  ether/isopentane/alcohol  solu- 
tion at  low  temperature  has  been  investigated.  Initial  illumination  at  250 
to  300  nm  results  in  loss  of  an  electron.  Either  a proton  or  a hydrogen 
radical  is  lort  upon  continued  illumination  (Lewis  and  Lipkin,  1942). 


Possible  reactions  between  these  various  photolytic  products  include  radical 
coupling  and  electrophilic  substitution. 


3.  Sampling  and  Analysis 

Most  analytical  techniques  for  diphenylanine  have  been  developed 
for  its  determination  in  propellants.  These  techniques  ware  recently  reviewed 
by  Apatcff  and  Norvitz  (1973).  Techniques  include  colorimetric  determination 
following  oxidation  with  nitric  acid,  dichromata,  or  ferric  ion;  volumetric 
bromlnation;  polaregraphlc  determination;  qualitative  IR  spectroscopy;  UV 
spectroscopy  (Xmax  * 285  nm; ; thin  layer  chromatogrphy;  and  gas  chromatography 
(GC).  GC  has  been  used  for  simultaneous  analysis  of  a number  of  propellant 
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components  including  diphenylamine  (Sopranetti  and  Reich,  1972}  Kelso,  1974), 
Diphenylamine  can  be  determined  in  the  presence  of  2-nitrodiphenylamine, 
ethyl  centralite,  triacetin,  phthalate  esters,  and  dlnitrotolulene. 

Dantzman  (1976)  reported  a spectrophotometric  method  for  determina- 
tion of  diphenylamine  in  Ext.  D&C  Yellow  No.  1.  He  was  able  to  reliably 
determine  diphenylamine  in  concentrations  down  to  0.02%, 

D.  Uses  in  Army  Munitions 

1.  Purposes 

Diphenylamine  is  used  as  a stabilizer  in  the  following  propellant 
formulations : 

% diphenylamine  in  formulation 


CBI  Powder 

IMR  1050 

M-l 

M-6 

M-10 

M6  + 2 


1. 5±0.2 
0.5  to  1.25 
1.0+0. 2, -0.1 
1.0+0. 2, -0.1 
i.0±0.3 
1.0+0. 2, -0.1 


These  formulations  are  tingle  base  propellants  produced  by  the  solvent  pro- 
cess. Diphenylamine  is  used  at  all  facilities  which  produce  propellants 
including  Badger  AAP,  Sunflower  AAP,  Radford  AAP  and  Indiana  AAP. 

Diphenylamine  stabilizes  the  propellant  by  reacting  with  NO  and 
NO2  which  are  formed  by  thermal  degradation  of  nitrate  esters.  Without  a 
stabilizer,  NO  and  NO2  ^11  react  with  moisture  to  form  nitrous  and  nitric 
acids  which  promote  further  degradation.  The  presence  of  NO2  itself  may 
cause  an  autocatalytic  effect  which  also  promotes  degradation  (Richardson, 
1975).  The  presence  of  Vl%  of  diphenylamine  in  the  formulation  will 
stabilize  e propellant  for  several  years. 

2.  Quantities  Used 

a.  Historical  Use 

Diphenylamine  is  usad  exclusively  to  produce  single  base  pro- 
pellents. The  predominant  use  is  for  the  M-l  formulation,  which  accounted 
for  69%  of  the  diphenylamine  usod  at  Radford  AAP  during  1966-1977.  The  aver- 
age annual  amount  of  diphenylamine  purchased  by  Radford  AAP  during  this  period 
was  621,900  Xb/y«ar.  The  specific  quantities  of  diphenylsmine  purchased  by 
Radford  AAP  during  the  period  1968-1977  ere  shown  bslow  (Watts,  1978): 


Hu  mt  im  -iiiL  .m  _mi_ 


1.21*. 210  410,100  771,400 


144,110  747,400  Zlt.tOO 


*4,000  111. ZOO 
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b.  Current  Use 

During  1977  Radford  AAP  utilised  dlpheny lamine  at  an  average 
rate  of  10,000  lb /month.  Baaed  upon  December  1977  production  of  M-l  and 
M-10  propellants,  about  8500  lb  of  dlphenylamine  were  used,  or  about  85%  of 
the  average  rate. 

c.  Use  at  Full  Mobilization 

Current  production  of  propellants  which  specify  dlphenylamine 
in  the  formulation  is  about  8-10%  of  capacity.  At  full  mobilization,  ap- 
proximately 107,000  lb  of  dlphenylamine  would  be  used  each  month. 

3.  Documented  or  Speculated  Occurrences  in  Air  or  Water 

Dlphenylamine  concentrations  have  been  measured  in  the  effluent  from 
the  "water-dry"  processing  step  (Glennon,  1977).  The  Indicated  Iosb  in  this 
step  was  estimated  at  30-60  lb/month.  This  amount  is  not  representative  of 
total  losses,  however.  Several  other  process  watar  effluents  exist  which 
may  contain  dlphenylamine.  In  addition,  losses  may  occur  in  the  preparation 
operations  in  which  dlphenylamine  is  weighed  out  and  prepared  for  process 
use. 


Total  dlphenylamine  losses  from  both  preparation  and  processing 
sources  are  estimated  at  about  300  to  500  lb/month.  At  full  mobilization, 
this  loss  would  increase  to  3200  to  5300  lb/month.  This  represents  3-5%  of 
the  amount  used,  and  is  considered  to  be  a typical  loss  level  (Dickinson, 
1978). 


Dlphenylamine  is  sparingly  soluble  in  water.  Since  much  of  the 
material  lost  is  collected  on  filters  in  solid  form,  some  of  the  diphanvl- 
amine  lost  is  recovered  and  disposed  of  by  burning.  It  is  estimated  that 
about  1/3  to  1/2  of  the  diphenylomine  lost  ultimately  reaches  the  Mew  River 
as  a solute  in  effluent  streams. 

E.  Uses  in  the  Civilian  Community 

1.  Production  Methodology 

Dlphenylamine  is  formed  on  an  industrial  scale  by  the  self  conden- 
sation of  aniline  in  the  presence  of  strong  acids. 


H 


Th*  reaction  is  conducted  in  an  acid  raslstont  reflux  apparatus  at  tempera- 
tures around  300"C  and  high  pressure.  Aniline  combines  with  the  acid  to 
form  aniline  hydrochloride. 
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The  aniline  hydrochloride  combines  with  a second  molecule  of  aniline  to  form 
diphenylamine  and  ammonium  hydrochloride. 


H 

I 


In  the  presence  of  excess  aniline,  ammonium  hydrochloride  decomposes 
to  smmonla  and  hydrochloric  acid,  regenerating  the  catalyst.  The  ammonia  is 
removed  at  the  top  of  the  column.  The  orude  product  is  washed  with  aqueous 
sodium  carbonate  to  remove  any  traces  of  acid  and  then  vacuum  distilled.  The 
yield  approaches  SOX  (Kirk  and  Othmer,  1964d) . 

2.  Manufacturers,  Production  and  Capacity 

There  are  two  manufacturers  of  diphenylamine  in  the  U.S.  American 
Cyanamld  manufactures  this  chemical  in  Bound  Brook,  N.J.  end  Rubicon  Chemicals 
has  a plant  in  Gaismar,  La,  Plant  capacities  are  unavailable.  In  1977, 
American  Cyanamld  increased  their  capacity  by  SOX.  Rubicon  has  scheduled  ex- 
pansion to  be  completed  late  this  year  which  will  increase  their  capacity  by 
26  million  pounds  per  year  (S.R.I.,  1977).  Historical  production  figures  are 
listed  below  in  Table  III-2  (U.S,  Tariff  Commission). 


Table  III-2.  U.S.  Production  of  Diphenylamine*. 


1968  1969  1970 

1971 

1972 

1973 

1974 

32.2  34.8  29.4 

30.6 

33.8 

34.7 

39.9 

* in  million  pounds 

3.  Usages 

Diphenylamine  is  used  in  the  dye  industry  as  an  intermediate  for 
a variety  of  dyes  including  Metanil  Yellow,  Aniline  Yellow,  Curcumine, 
Alkali  Green,  and  Pyrogene  Indigo  (Kirk  and  Othmev,  1964a). 
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It  is  also  used  as  an  antioxidant  for  rubber,  as  a colorimetric 
indicator  in  analyses,  and  as  a chemical  intermediate  to  N-nitrosodiphenyl- 
amine  and  phanothiazine. 


N-nitrosodiphanylamine  Phanothiazine 


4.  Future  Trends 

i 

The  diphenyl amine  market  is  stable  with  growth  expected  to  parallel 
the  rubber  and  dye  Industries. 

5.  Documented  or  Speculated  Occurrences  in  the  Environment 

Diphenylamine  has  not  been  reported  as  an  environmental  contaminant 
in  the  civilian  community.  It  is  known  to  be  present  in  Ext.  D&C  Yellow 
No.  1.  It  is  required  to  be  in  concentrations  below  0.2X  (Dantzman,  1976). 

F.  Comparison  of  Military  and  Civilian  Uses  and  Pollution 

According  to  the  latest  available  figures  for  civilian  diphenylamine 
production,  39.9  million  pounds  of  this  amine  were  produced  in  the  U.S.  in 
1974.  Radford  AAP's  uaa  of  diphenylamine  in  1974  was  639,900  or  about  0.02X 
of  the  diphenylamine  produced  by  the  civilian  manufacturers.  At  full  mobili- 
zation, Radford  AAP  would  use  about  1,284,000  lb/year  cf  diphenylamine.  If 
the  use  rate  at  Badger  or  Sunflower  and  Indiana  were  about  the  same  as  Rad- 
ford AAP,  the  Army  would  use  about  5,136,000  lb/year  at  full  mobilisation. 
This  use  rata  would  be  M.3X  of  the  1974  civilian  production  of  diphenylamine. 

G,  Toxicological  and  Environmental  Hazards 

1.  Mammalian  Toxicology 

Diphenylamine  is  moderately  toxic  to  mammals.  Lande  at  al.  (1934) 
administered  oral  doses  of  0. 5-2,0  g/kg  of  diphenylamine  to  rabbits.  They 
observed  a loss  of  body  weight  and  asthenia.  Some  deaths  occurred  in  15-20 
days.  Thomas  at  al . (1967)  exposed  rats  to  diphenylamine  in  their  food  for 

almost  2 years.  At  the  end  of  240  days,  they  observed  weight  differences 
between  the  control  and  the  malo  rats  which  were  fed  0.5  and  IX  diphenyl- 
amine.  Differences  between  controls  and  the  female  rats  fed  0.1,  0.5  and  IX 
dliihenylamine  vere  also  observed.  Thomas's  group  also  found  a significant 
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difference  (P<.05)  in  mean  number  per  litter  between  controle  and  the  rate 
fed  0.5X  diphenylamine  in  the  first  mating;  and  controls  and  the  rats  fed 
0.1%  diphenylamine  in  the  second  mating.  Abood  end  Romanchek  (1957)  found 
that  diphenylamine  concentrations  of  10“^  M produced  a 23%  inhibition  in  rat 
brain  mitochondria.  Alexander  at  al.  (1975)  administered  oral  doses  of  di- 
phenylamine to  rats,  rabbits  and  men.  They  found  the  major  metabolites  were 
4-hydroxydiphenylamine  and  4,4' -dihydroxydlphenylamina . 

From  these  studies,  it  appears  that  diphenylamine  is  moderately 
toxic  to  mammals.  Recently  Safe  at  al.  (1977)  identified  toxic  impurities 
in  commercial  diphenylamine.  Table  111-3  shows  the  varying  amounte  of  im- 
purities in  6 brands  of  diphenylamine.  One  of  the  impurities,  4-amino- 
biphenyl,  has  been  shown  to  be  carcinogenic.  Orjelick  (1975)  stated  that 
diphenylamine  had  a strong  association  with  bladder  cancer,  not  on  its  own, 
but  because  4-aminobiphenyl  was  usually  present  as  an  impurity.  4-amino- 
biphenyl  has  been  shown  to  induce  tumors  in  the  liver  and  intestines  of  rats 
and  cancer  of  the  bladder  in  dogs  (Walpole  at  al. , 1954) . Koss  at  al.  (1969) 
found  cancer  of  the  bladder  in  workers  exposed  to  4-aminoblphenyl. 

Thua,  while  diphenylamine  Itself  is  only  moderately  toxlo,  commer- 
cial diphenylamine  can  be  contaminated  with  the  carcinogen,  4-aminobiphanyl, 
The  amount  of  4-amlnobiphenyl  in  the  diphenylamine  used  by  the  Army  should 
be  determined.  The  previous  toxicity  studies  on  diphenylamine  should  be  re- 
evaluated if  a commercial  grade  of  diphenylamine  was  used  in  the  tests. 

2,  Aquatic  Toxicology 

Levels  of  diphenylamine  in  the  aquatic  environment  have  not  been 
measured.  The  acute  toxicity  of  diphenylamine  to  aquatic  organisms  is  shown 
in  Table  III-4,  Diphenylamine  is  most  toxic  to  Daphnia  magna  with  a 46  hour 
LC50  of  0.35  ppm.  Hartley  (1977)  estimated  a safe  level  of  diphenylamine  to 
aquatic  organlems  to  be  12  ppb. 

Radford  AAP's  currant  use  of  diphenylamine  is  about  10,000  lb/month. 
Under  full  mobilisation,  107,000  lb/mo  would  be  used.  Based  upon  anticipated 
losses  from  preparation,  end  processing  steps,  150-250  lb/mo  diphenylamine 
would  be  released  to  the  Mew  River  under  current  production  rates.  At  full 
mobilisation,  release  of  1600-2600  lb/mo  of  diphenylamine  into  the  waste 
stream  le  possible.  The  concentrations  of  diphenylamine  that  could  occur  at 
different  flow  rates  and  mixing  concentrations  are  shown  in  Table  III-5. 

Based  on  Hartley's  (1977)  estimated  safe  level  of  12  ppb  for  diphenylamine, 
diphenylamine  can  be  acutely  toxic  to  aquatic  organisms  near  the  Radford 
AAP  discharge  point.  During  full  mobilisation,  a much  greater  area  of  the 
river  could  be  contaminated  and  massive  kills  of  aquatic  organisms  could 
occur. 
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Tab  la  III-3.  Toxic  Impuritiaa  In  Commarclal  Dlphanylamine  * (Safa  at  at. , 1977) 


Commarcial 

Band  1 

Band  2 
o-biphanyl- 

Band  3 

o-cyclohaxyl- 

Band  4 
p-biphanyl1 

DPA 

(ppm) 

amina  (ppm) 

anillna  (ppm) 

amina  (ppm 

Brand  1 

50 

- 

93 

- 

Brand  2 

45 

32 

22 

94 

Brand  3 

12 

22 

17 

27 

Brand  4 

9 

3.2 

5 

17 

Brand  5 

- 

- 

48 

6.9 

Brand  6 

• 

12 

* Brand  1 containa  an  additional  Impurity  (■£•*•,  Band  5)  idantlflad 
aa  p-cyclohaxylaniline 
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Table  111-4.  Acuta  Toxicity  of  Diphsnylamine  to  Aquatic  Organisms. 


Species 

24 

Hours 

48 

Hours 

96 

Hours 

Reference 

Water  Fisa 

(Daphnia  magna) 

1.0 

0.35 

- 

Warner  at  at., 

Fathead  Minnow 

(Hmaphalee  pvomlaa) 

3.2 

3.2 

1.52 

Warner  at  ctl. 

Bluegill 

(lepomia  maoroohirua) 

- 

■» 

1.10 

Hartley,  1977 

Ostracod 

(Cyolooyprta  spJ 

- 

2.53 

■a 

Hartley,  1977 

Table  1II-5. 

Levels  of  Diphsnylamine  (ppm) 
Full  Mobilisation. 

in  the  Hew  River  at 

Degree  of  Mixing 

Low  Flow  (336  mgd) 

Averaae  Flow  (2500  mad) 

1% 

3.1 

0.4 

10X 

0.31 

0.04 

100X 

0.03 

0.004 
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Due  to  its  insolubility,  diphenylamine  would  eventually  accumulate 
in  the  sediment.  Its  persistence  in  the  sediment  could  increase  diphenyl- 
amine's  toxicity  to  aquatic  organisms.  The  availability  of  diphenylamine 
to  aquatic  organisms  and  possible  biomagnif ication  through  the  aquatic  food 
levels  are  unknown.  In  the  presence  of  nitrate  and  a high  pH,  N-nitroso- 
dipheny lamina  and  tatra-nitrodiphenylamine  can  be  formed.  2 si  diphenyl- 
amine  and  formaldehyde  complexing  can  also  occur. 

3.  Toxicity  to  Microorganisms  and  PlantB 

The  toxicity  of  M-l  propellant  dust  to  aquatic  ecosystems  has  been 
investigated  by  Hartley  (1977).  In  algae  studies  with  Miorooyatia  aeruginosa, 
culture  death  was  found  after  a seven  day  exposure  to  5 mg/1  of  dlpheny- 
amine, 


Studies  with  sewage  treatment  microorganisms  showed  no  adverse 
effects  on  the  sewage  treatment  organisms  after  exposure  to  111,3  mg/1  of 
M-l  propellant.  The  degree  of  biodegradation  of  the  M-l  propellant  by  these 
organisms  is  not  known  (Hartley,  1977). 

4 , Environmental  Fate 

Experimental  evidence  indicates  that  diphenylamine  may  be  microbio- 
logically  transformed  into  carcinogenic  compounds.  Hawksworth  and  Hill  (1971) 
reported  that  27  of  37  strains  of  (.oil  and  a proportion  of  strains  of  other 
faecal  aerobes  and  anaerobes  were  able  to  produce  nltrosamlnas  from  nitrate 
and  diphenylamine  at  a pH  above  6.5.  These  nitrosamlnes  can  be  further  de- 
graded. However,  their  effect  on  the  environment  is  not  resolved. 

5.  Availability  of  Literature  for  Phese  II 

Sufficient  literature  sources  on  the  toxicology  and  environmental 
fate  of  diphenylamine  ware  identified  during  the  preliminary  study  to  indicate 
the  availability  of  aufficient  information  for  Phase  II. 

H.  Regulations  and  Standards 

1.  Air  and  Water  Regulations 

The  EPA  has  issued  effluent  limitations  guidelines  for  discharges 
from  the  manufacture  of  diphenylamine  (Federal  Register,  1976).  These  effluent 
guidelines  are  listed  in  Table  III-6.  Diphenylamine  is  listed  in  EFA's  Toxic 
Control  Act  Candidate  List  of  Chemical  Substances  (1977).  However,  there 
are  no  immediate  plans  for  any  EPA  sponsored  work  on  this  chemical. 

2,  Human  Exposure  Standards 

A TLV  of  10  mg/m^  for  diphenylamine  has  been  suggested  by  the 
American  Conference  of  Governmental  Industrial  Hygienists  (1977).  This 
compound  is  not  listed  on  NCI  suspected  carcinogenic  list  (NIOSH,  1975). 
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Table  III-6.  Effluent  Guidelines  for  the  Manufacture  of  Dlphenylamine 
(Federal  Register,  1976). 


Effluent  Characteristic  Effluent  Limitations 

Average  of  Dally  Values  for 
Maximum  for  30  Consecutive  Days  Shall 

Any  1 Day  Not  Exceed; 

lb/1000  lb  of  Product 


BOD  5 

0.041 

0.021 

TSS 

0.062 

0.033 

pH 

Within  the  range 

6.0  to  9.0 


I.  Conclusions  end  Recommendations 


The  goal  of  this  preliminary  problem  definition  study  was  to  determine 
the  Army's  responsibility  for  conducting  future  research  on  dlphenylamine. 

From  the  data  presented  in  this  report,  the  following  conclusions  have  been 
drawn 

1.  Dlphenylamine  is  not  a military  unique  chemical;  it  is  widely 
used  throughout  the  dye  and  rubber  Industries. 

2.  Reliable  figures  on  the  pollution  resulting  from  the  civilian 
and  military  use  of  this  chemical  are  not  available.  However  it  is  estimated 
that  ^ 5%  of  this  pollution  resulte  from  Army  propellant  production. 

3.  Dlphenylamine  Itself  is  only  moderately  toxic  to  mammalo, 
however,  significant  quantities  of  the  carcinogenic,  4-aair.obiphenyl,  have 
been  found  to  be  present  as  impurities  in  the  commercial  product. 

4.  Further  mammalian  toxicological  studies  on  dlphenylamine  should 
be  conducted  by  the  civilian  community. 

5.  Dlphenylamine  is  highly  toxic  to  aquatic  organisms.  Radford 
AAP  operations  could  lead  to  significant  effects  on  the  aquatic  system  from 
this  compound. 

6.  Further  evaluation  of  the  discharges  and  aquatic  ecosystems 
stress  from  military  operations  using  dlphenylamine  is  warranted. 


d 


' 


1 

•1 
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The  following  recommendations  are  mad#  baaed  on  tho  raiulta  of  thi* 
preliminary  problem  definition  study. 

- in  order  to  protect  workers  exposed  to  diphenylamine,  the  Army 
should  investigate  the  amount  of  4-arainoblphenyl  in  its  purchased  diphenylamine. 

- Further  mammalian  toxicological  studies  on  diphenylanine  ere 
mainly  a civilian  problem. 

- The  levels  of  discharges  of  diphenylanine  from  Radford  and  Indiana 
AAP  require  further  quantitation.  A planned  effluent  analysis  program  should 
be  undertaken  to  obtain  this  information. 

- Further  evaluation  of  the  environmental  toxicity  and  fate  of 
this  compound  should  be  undertaken.  The  Initial  step  in  this  study  should  be 
a Phase  II  literature  evaluation  of  the  environmental  problems  and  fate 
associated  with  diphenylamine « 

- Additional  experimental  studies  to  define  the  environmentel  fate 
of  diphenylamine  and  the  ability  of  planned  treatment  processes  to  remove 
this  compound  from  Radford  AAP' a wastes  may  be  necessary  depending  on  the  out- 
come of  the  litereture  evaluation. 
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SUMMARY 


niethvlanealycol  dinitrate  ie  used  exclusively  ee  a high  energy  plaa- 
ticieer  for  pro?ellants.  Current  U.  S.  production  capacity  is  25 ,000  lb/yea 
Thi  only  Army  use  of  thia  chemical  in  the  peat  several  years  has  bean  three 
55  gallon  drums.  This  material  was  produced  and  used  at  Radford  AAP  for 
formulation  of  M-37  propellants. 

No  specific  mammalian  or  aquatic  toxicity  data  on  diethylanaglycol 
dinitratePwas  obtained.  By  extrapolation  of  available  data  on  other  organic 
nitrates,  this  compound  should  be  moderately  toxic  to  both  mammals  and  aqua- 
?ic  5«Ini«s!  In  the  aquatic  environment,  it  probably  accumulates  in  the 
sediment  and  is  slowly  degraded  either  by  acidic  conditions  or  microorganisms. 

It  is  recommended  that  thia  compound  not  be  evaluated  in  Phase  II.  If 

t^xicS^il  and  i^iJo^u^Se^dUlf  ’ duSytennlycSl  SInitr.t.  by 
the  Army  would  be  warranted. 
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This  raporc  details  the  results  o£  a preliminary  problem  definition 
study  on  diethyleneglycol  dinitrate.  The  purpose  of  this  study  was  to  deter- 
mine the  Armyrs  responsibility  for  conducting  further  research  on  diethylene- 
glycol dinitrate  In  order  to  determine  its  toxicological  and  environmental 
hazards  so  that  effluent  standards  can  be  recommended.  m order  to  deter- 
mine the  Army's  responsibility  for  further  work  on  diethyleneglycol  dinitrate, 
the  military  and  civilian  usage  and  pollution  of  this  chemical  were  evaluated. 
In  addition,  a preliminary  overview  of  toxicological  and  environmental  hazards 
was  conducted. 

Diethyleneglycol  dinitrate  was  only  one  of  48  chemicals  evaluated  under 
Phase  IA  of  contract  No,  DAMD17-77-C-7057.  These  chemicals  are  grouped  in 
four  categories 

- explosives  related  chemicals 

- propellant  related  chemicals 

- pyrotechnics 

- primers  and  tracers 

Each  category  is  a major  report.  Section  I of  each  report  is  an  overview  of 
the  military  processes  which  use  arch  chemical  and  the  pollution  resulting 
from  the  use  of  these  chemicals.  The  problem  definition  study  reports  on 
each  chemical  are  separable  sections  of  these  four  reports. 

In  addition  a general  methodology  report  was  also  prepared.  This  report 
describes  the  search  strategy  and  evaluation  methodology  utilized  for  this 
study. 
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IV.  DIETHYLENEGLYCOL  DINITRATE 


A.  Alternate  Names 

Diethyleneglycol  dinitrate  le  an  explosive  possessing  r.w.  following 
chemical  structure: 

02N0  - CH2  - ch2  - o - ch2  - ch2  - ono2 


It  has  a molecular  formula  of  C4HgN207  corresponding  to  a molecular  weight  of 
196.1  g/mole.  Pertinent  alternate  names  for  diethyleneglycol  dlnltrate  are 
listed  below: 


CAS  Registry  No. : 

CA  Name  (9  Cl) : 

CA  Name  (8  Cl) : 

Wiawasser  Line  Notation: 
Synonyms : 


693-21-0 

Ethanol,  2,2'  -oxybls-dinitrate 
Diethyleneglycol,  dlnltrate 

DEGN,  Diglycol  dlnltrate;  Dinitrodigly- 
col;  Dinltroglycol } Oxydlethylene 
nitrate 


B.  Physical  Properties 

The  physical  properties  of  diethyleneglycol  dlnltrate  are  presented  in 
Table  IV-1. 


Table  IV-1.  Physical  Properties  of  Diethyleneglycol  dinitrate.* 


Physical  Form  (3  20°C: 
Color: 

M.P. : 

B*P‘!  25 

Liquid  Density,  d^  : 

Vapor  Density,  (air-1): 

Vapor  Pressure: 

Viscosity  @ 20°C: 

Heat  of  Combustion: 

Refractive  Index,  n^*: 

Solubility: 


liquid 
yellow 
-11. 3°C 
161°C 
1.377  g/ml 
6.7  g/ml 

0.0036  mm  Hg  8 20°C 
8.1  cP 
2792  cal/gm 
1.4498 

water  - 0.40  g/lOOg  S 20°C 
0.60  g/lOOg  (3  60°C 
slightly  soluble  in  alcohol 
soluble  in  ether 


*References:  Sax,  1976;  Hawley,  1977;  Army  Materiel  Command,  1971. 
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C.  Chemical  Properties 


1.  General  Reactions 

Although  the  chemistry  of  certain  alkyl  nitrates  (methyl,  ethyl, 
tert-butyl)  haa  been  investigated,  the  chemistry  of  diethyleneglycol  dinitrate 
has  not  been  widely  reported.  Much  of  this  chemiBtrv  must  be  inferred  from 
the  behavior  of  the  simpler  nitrate  esters. 

Nitrate  enters  are  capable  of  transferring  the  NO,  function  to  other 
systems  (Boschan  et  al>,  1955).  Toluene  is  easily  nitrated  in  98X  R2SO4  with 
ethyl,  n-butyl,  and  6-chloroathyl  nitrate. 


Lewis  acids  such  as  AlClj  can  catalyse  this  reaction.  Ethyl  nitrate  haa  been 
used  in  the  nitration  of'other  aromatic  systems  including  carbasole,  a com- 
pound resembling  dlphenylamine. 


Nitrate  esters  can  also  be  used  for  nitration  of  certain  active  methylene 
groups. 


NO 


2 


N-nitration  also  is  observed.  The  reaction  of  ethyl  nitrate  and 
aniline  in  the  presence  of  either  sodium  in  ether  or  ethoxide  anion  yields 
pheny lnitramina , 


N-nitrosation  may  occur.  The  reaction  between  dlphenylamine  and  ethylnitrate 
yields  N-nitrosodiphenylamine  along  with  other  products. 
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Nitrate  eaters  are  known  to  act  as  alkylating  agents  in  their  reac- 
tion with  certain  nucleophiles.  Heating  nitrate  esters  with  ammonia,  or  pri- 
mary or  secondary  amines  results  in  N-alkylation. 

ch3ono2  + nh3  i2£L£>  ch3nh2  + hno3 

Alcoholysis,  the  reaction  of  nitrate  esters  with  alcohols.  Involves  0-alkyla- 
tlon  to  form  mixed  ethers. 

CH30N02  + CHjCHjOH  > CH^CHjCHj  + HNOj 

Nitrate  eaters  can  be  reduced  to  the  corresponding  alcohol  by  any 
number  of  standard  techniques  including  electrolysis,  hydrogenolyals,  or 
treatment  with  metal  hydrides  or  metals  in  acid  (Boachan  et  al.t  1955). 

Ulethyleneglycol  dinitrate  can  be  expected  to  undergo  these  typical 
reactions  of  nitrate  estera.  The  presence  of  the  second  ester  function  in  the 
molecule  makes  certain  further  reactions  possible. 

During  hydrolysis  (to  be  discussed  in  the  following  section)  or  x^s 
action  as  a nitrating  agent,  diethyleneglycol  dinitrate  is  transformed  to  di- 
ethyleneglycol mononitrate,  The  monoeeter  is  capable  of  cyclltation. 


> N0“  + 


Dloxane  can  be  expected  to  form  due  to  the  combined  effects  of  the  proximity 
of  the  nucleophilic  alcohol  function  and  the  generation  of  a thermodynamically 
favorable  ring. 


In  the  reaction  of  diethyleneglycol  dlnltrate  with  ammonia  or  pri- 
mary amines,  another  cycliiatlon  is  possible.  The  amino  function  of  the  first 
formed  product  may  behave  as  an  lntra-molecular  nucleophile  yielding  N-subeti- 
tuted  morpholines. 


02N-<KCH2CH20-CH2CH2-NHCH3 


2.  Environmental  Reactions 

Dletbylaneglycol  dlnltrate  le  fairly  stable  to  hydrolysis.  Heating 
at  60°C  for  5 days  resulted  in  only  0.003Z  decomposition.  Hydrolysis  in  the 
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presence  of  mixed  acids  resulted  in  approximately  It  cleavage  to  the  monoester 
after  6 hours  (Urbanaki,  1965), 

It  has  long  been  known  that  hydrolysis  of  nitrate  eaters  yields  more 
than  the  simple  alcohol  and  nitrate  anion.  The  three  separate  processes  which 
complete  in  nitrate  ester  cleavage  are  represented  in  Figure  IV-1. 


a) 

b) 

c) 


Figure  IV-1 . Nitrate  Ester  Hydrolysis. 
SN1  or  SN2 

HO"  4 RCH20N02-*-RCH20H  + no3” 

E2 

HO  4 RCH2CH20N02-*-RCH-CH2  4 NOj" 

Elimination  of  an  a proton 

HO"  4 RCHjONOj-e-  RCH-0  4 HjO  4 NOj” 


Reaction  a)  involves  displacement  of  the  nitrate  group  by  nucleophi- 
lic hydroxide  anion.  In  near  neutral  solutions  water  molecules  may  act  as 
nucleophiles.  Host  esters  undergo  blmolecular  substitution  (SN^)  with  nucleo- 
philic addition  and  elimination  of  nitrate  occurring  simultaneously.  Sterically 
hindered  nitrate  esters  generally  are  hydrolysed  via  SNj  processes  Involving 
initial  loss  of  nitrate  to  form  a carbonium  ion  followed  by  rapid  addition  of 
a water  molecule, 

Reaction  b)  Involves  simultaneous  elimination  of  a 0 proton  and  the 
N0j“  moiety. 

H H HR 

1 I - t I 

R - C - C - 0 - NO,  ^ R - C - C 4 NO  " 

I I > 2 I I 3 

Hn  H H HO  H 


Reaction  c)  proceeds  with  abstraction  of  an  a proton  with  simul- 
taneous cleavage  of  the  0-N  bond  rather  thnn  the  C-0  bond  (Boschan  et 
1955). 


Hydrol.,  is  of  diethyleneglycol  dlnitrats  will  give  mostly  nitrate  ion 
and  diethyleneglycol  mononitrate.  The  reaction  may  proceed  via  an  SNj  mecha- 
nism, an  SNj  mechanism,  or  both  processes  may  compete.  Generally  primary  ni- 
trate eaters  will  not  undergo  SN^  type  reactions  due  to  the  low  stability  of 
primary  carbonium  ions,  biethyleneglycol  dinitrate  is  an  exception  due  to  re- 
sonance stabilisation  of  the  carbonium  ion  by  the  ether  oxygen. 
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OnN  - 0 - CH, 


o2no  - ch2 


CH,  CH, 

^ s* 

+ch2 


/ S 

CH^-  CH2 


In  neutral  solution*  where  the  strong  0H“  nucleophile  is  not  present,  the 
importance  of  the  SN2  mechanism  will  Increase. 


Hydrolysis  of  dlethyleneglycoldinitrate  via  reactions  b)  and  c)  will 
be  of  roughly  equal,  though  extremely  minor,  Importance.  The  presence  of 
bases  in  the  water  will  magnify  their  importance. 


3.  Sampling  and  Analysis 


Several  methods  have  been  developed  to  determine  the  alkylpolynltrates 
in  air  and  water  samples.  Quantitative  separation  and  analysis  of  alkylpoly- 
nitrates  by  gas  chromatography  with  a hot  wire  detector  waa  reported  by  Camera 
and  Pravisanl  (1964).  They  used  short  columns  and  low  temperatures  to  prevent 
decomposition  reactions.  The  method  gave  good  separations  and  high  precision. 
However,  no  lower  detection  was  given. 


Detection  of  nitrate  esters  in  water  to  the  20  ppb  level  is  possible 
using  a single-sweep  polarographic  method  (Uhltnack  and  Becktel,  1976).  This 
system  was  developed  for  the  Navy  to  monitor  1,2-propyleneglycol  dinitrate 
in  their  effluent.  The  method  can  be  used  as  a continuous  monitor  in  a range 
of  0.10  to  1000  ppm  1,2-propyleneglycol  dinitrate  in  water, 


Two  methods  of  analysis  of  low  concentrations  of  nitrate  esters  in 
air  are  reported  in  the  literature.  One  method  is  based  upon  nitration  of 
st-xylenol  in  a sulfuric  acid  collection  solution.  The  nitroxylsnol  is  deter- 
mined colorimetrically  after  isolation  by  steam  distillation  (Yagoda  and 
Golderson,  1943),  In  a gas  chromatographic  method,  Camera  and  Pravisanl  (1967) 
collected  air  samples  by  bubbling  through  ethanol.  The  ethanol  solutions  were 
injected  directly  into  a gas  chromatograph  equipped  with  an  electron  capture 
detector.  With  a 10  t air  sample  volume,  the  sensitivities  for  various  nitrate 
asters  were 

- ethyleneglycol  dinitrate  0.08  mg/m^ 

- 1,2-propyleneglycol  dinitrate  0.02  mg/m3 


D.  Uses  in  Army  Munitions 
1.  Purposes 

Diethyleneglycol  dinitrate  is  used  to  produce  the  M-37  propellant 
formulation.  M-37  is  manufactured  by  the  solventless  process  The  formula- 
tion is  produced  Infrequently.  At  Radford  AAP  it  has  only  been  produced  one 
time  in  the  plant's  history,  and  that  was  in  1977.  It  has  not  been  made  in 
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the  other  propellant  manufacturing  AAP’s  in  recent  years.  Diethylenglycol- 
dinitrate  is  produced  on  site  at  Radford  AAP  when  needed  by  nitration  of 
diethyleneglycol. 

2.  Quantities  Used 

a.  Historical  Use 

A total  of  three  55  gallon  drums  (^1500  lb)  of  diethylene- 
glycol dinitrate  were  produced  end  used  at  Radford  AAP  In  1977. 

b.  Current  Use 

Diethyleneglycol  dinitrate  is  not  currently  used  at  Radford 
AAP,  and  no  future  use  is  contemplated. 

3.  Documented  or  Speculated  Occurrences  in  Air  or  Water 

The  one-time  use  of  diethyleneglycol  dinitrate  at  Radford  AAP  proba- 
bly resulted  in  no  more  than  15-30  lb  of  the  material  entering  the  environ- 
ment. The  point  of  entry  was  the  waste  effluent  from  the  rolled  powder  area. 

E.  Uses  in  the  Civilian  Communit 


1.  Production  Methodology 

Diethyleneglycol  dinitrate  la  produced  by  the  mixed  acid  nitration 
of  diethyleneglycol. 


ho-ch2ch2-o-ch2ch2oh 


h2sc^ 


02N  0-CH2CH2-0-CH2CH2-  ono2 


The  reaction  temperature  must  be  kept  low  to  prevent  hydrolysis  and  oxidation. 
Industrial  scale  yields  aro  maximised  at  temperatures  between  10  and  15°C  with 
a 50:45:5  mixture  of  HN0,;H2S0, : water.  The  weight  ratio  of  acid  mixture  to 
diol  is  3.67  to  1.  THe  industrial  yield  is  reported  at  85X  (Urbanski,  1965). 

2.  Manufacturers,  Production  and  Capacity 

Diethyleaeglycol  dinitrate  is  manufactured  by  the  Trojan  U.S.  Powder 
Division  of  the  IMC  Chemical  Group,  Inc.  The  plant  site  is  55  miles  aouth  of 
Salt  Lake  City  near  Spanish  Fork,  Utah.  They  produce  diethyleneglycol  dinitrate 
on  order.  Their  current  facilities  have  a capacity  of  twenty-five  thousand 
pounds  per  year  which  could  be  tripled  with  minor  modifications  (Trojan, 

1977). 

3.  Usages 

Diethyleneglycol  dinitrate  has  no  applications  other  than  a high 
energy  plasticiser  for  propellants. 


4.  Future  Trends 

No  new  civilian  uses  for  diethyleneglycol  dinitrar^  are  anticipated. 

5.  Documented  or  Speculated  Occurrences  In  the  Env.  >runent. 

There  are  no  reported  occurrences  of  diethyleneglycol  dlnitrate  in 
the  environment  from  civilian  manufacture. 

F.  Comparison  of  Military  and  Civilian  Usages  and  Pollution 

Dlethylaneglycol  dlnitrate  is  produced  in  both  the  military  and  civilian 
sectors  on  demand.  It  is  not  a high  quantity  item  or  a high  quantity 
polluter  in  either  sector.  Therefore,  it  does  not  represent  a continuous 
threat  to  the  environment.  With  proper  handling,  it  should  not  escapo  Into 
the  environment  in  any  significant  quantities  on  those  occasions  when  it  is 
manufactured. 

G.  Toxicological  and  Environmental  Hazards 

1.  Mammalian  Toxicity 

The  toxicity  of  diethyleneglycol  dinitrate  hae  not  been  studied  in 
detail.  However,  all  the  nitrate  esters  are  toxic  to  varying  degrees.  Their 
toxicity  la  due  to  their  ability  to  oxidize  hemoglobin  to  methemoglubln. 

They  also  depress  vascular  wall  muscles  causing  peripheral  vasodilation.  This 
vasodilator  action  results  in  a decrease  in  systolic  blood  pressure  and  an 
increase  in  pulse  and  respiratory  rates.  The  main  symptom  of  nitrate  ester 
poisoning  is  a severe  pressure  headache.  Vertigo  or  fainting  may  also 
result  (American  Conference  of  Governmental  Industrial  Hygienists,  1971). 

2.  Aquatic  Toxicity 

Little,  if  any,  research  has  been  conducted  on  the  distribution  of 
diethylenaglycol  dlnitrate  in  the  aquatic  environment.  In  Its  one  time  use 
at  Radford  AAP,  165  gallons  of  diethyleneglycol  were  nitrated.  Probably  no 
more  than  15  to  30  lb,  if  this  much,  were  lost  to  the  New  River.  Since 
diethyleneglycol  dinitrate  is  heavier  than  and  inaoluble  in  water,  it  will 
be  found  in  the  sediment.  Hydrolysis  should  occur  only  very  slowly  in  the 
River.  If  this  degradation  occurs,  microorganisms  in  the  sediment  could 
then  further  degrade  the  dlethylaneglycol. 

3.  Toxicity  to  Invertebrates,  Microorganisms  and  Plants 

No  information  was  retrieved  on  the  toxic  effects  of  diethylene- 
glycol dlnitrate  on  microorganisms,  invertebrates  or  plants. 
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4.  Availability  of  Literature  for  Phase  II 

No  toxicological  or  environmental  literature  specif ic  to  diethylene- 
glycol dinitrate  was  found  in  this  preliminary  study.  Toxicological  data  may 
be  found  in  the  older  and  foreign  literature. 


H.  Regulations  and  Standards 

There  are  no  specific  standards  for  diethyleneglycol  dinitrate.  However, 
a TLV  of  0.20  ppm  (l.S  mg/m-*)  for  skin  exposure  is  recommended  for  1,2- 
propyleneglycol  dinitrate  (American  Conference  of  Governmental  Industrial 
Hygienists,  1971).  This  value  la  also  the  maximum  acceptable  doae.  A 
similar  TLV  for  diethyleneglycol  dinitrate  would  be  expected. 

Diethyleneglycol  dlnitrate  la  not  listed  in  E?A  Toxic  Substances  Con- 
trol Act  List  of  Candidate  Chemicals  (1977).  DOT  forbids  shipment  of 
diethyleneglycol  dlnitrate  (Federal  Register,  1976). 


I.  Conclusions  and  Recommendations 

Diethyleneglycol  dlnitrate  is  not  used  to  any  extent  by  either  the 
military  or  civilian  sectors.  The  largest  use  of  this  chemical  appears  to 
be  in  civilian  propellant  production.  Diethyleneglycol  dlnitrate  was  used 
once  at  Radford  AAF  in  M-37  propellant.  Thus,  this  compound  does  not  present 
a military  use  or  pollution  problem  unless  the  production  of  large  quantities 
of  M-37  propellant  are  anticipated  in  the  future.  Therefore,  it  is  recom- 
mended that  diethyleneglycol  dinitrate  only  be  evaluated  in  Phase  II  if 
production  of  large  quantities  of  M-37  is  anticipated  in  the  future. 
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SUMMARY 


2-Nttrodiphenylamine  is  widely  used  as  a stabilizer  in  double-base 
solid  propellant  formulations.  It  is  found  in  the  formulations  in  concen- 
trations of  0.9  to  3. OX.  Radford  is  the  only  operational  Army  Ammunition 
Plant  which  is  using  2-nitrodiphenylamine.  Badger  and  Sunflower  also 
use  this  compound  when  they  are  operational. 

Current  use  rate  of  2-nitrodiphenylamine  at  Radford  AAP  is  v6000 
lb/month.  At  full  mobilization  the  Radford  AAP  use  rate  for  this  compound 
is  6000  - 7000  lb/month.  It  is  expected  that  at  full  mobilization  the 
usage  of  2-nitrodiphenylamine  at  the  Badger  and  Sunflower  AAPe  would  be 
approximately  the  same  as  at  Radford  AAP.  Thus  a total  of  252,000  lb/year 
of  2-nitrodiphenylamine  could  be  used  by  the  Army. 

There  is  only  one  civilian  producer  of  2-nitrodiphenylamine.  The 
civilian  capacity  is  estimated  at  >250,000  Ib/year.  The  only  civilian  use 
of  2-nitrodiphenylamlne  is  as  a chemical  intermediate  in  the  dye  industry. 
However,  civilian  companies  that  make  solid  rockets  could  purchase  some  of 
this  compound.  The  extent  of  these  purchases  is  unknown. 

At  current  production  levels,  Radford  utilizes  v40 7.  of  the  estimated 
civilian  production  capacity  of  2-nitrodiphenylamine.  With  three  plants 
nt  full  mobilization,  the  Army  would  purchase  vlOOX  of  the  estimated 
civilian  production  capacity  of  this  chemical.  Under  current  operational 
conditions,  the  Army  is  also  one  of  the  main  polluters  of  2-nitrodiphenyl- 
nmine.  The  percentage  of  the  total  2-nitrodiphenylamine  pollution  eminating 
from 'Army  propellant  manufacturing  is  impossible  to  determine,  due  to 
the  unavailability  of  civilian  production  statistics. 

Limited  Mammalian  toxicology  studies  indicate  2-nltrodlphenylamlne 
ia  not  very  toxic  in  acute  doses  (LD50  for  rats  » 6.15  g/kg) . Limited  studies 
concerning  the  toxicity  of  2-nitrodiphenylamine  to  fish  and  invertebrates 
show  that  this  compound  is  highly  toxic  to  aquatic  organisms  with  LC50's 
ranging  from  1.8  to  5.6  ppm.  Reaction  of  2-nitrodipheriylamine  in  the 
environment  could  lead  to  more  toxic  compounds. 

Although  2-nitrodiphenylamine  is  not  a military  unique  compound 
the  military  is  one  of  the  major  users  and  polluters  of  this  chemical 


Preliminary  evidence  indicates  a high  potential  environmental  danger  from 
2-nitrodiphenylamine.  It  is  therefore  recommended  that  2-nitrodiphenylamine 
be  included  in  the  Phase  II  detailed  toxicological  and  environmental  studies. 
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FOREWORD 


This  report  details  the  results  of  a preliminary  problem  definition 
study  on  2-nitrodlphenylamlne.  The  purpose  of  this  study  was  to  determine 
the  Army's  responsibility  for  conducting  further  research  on  2-nitrodiphenyl- 
amine  in  order  to  determine  its  toxicological  and  environmental  hazards  ao 
that  effluent  standards  can  be  recommended.  In  order  to  determine  the  Army's 
responsibility  for  further  work  on  2-nitrcdiphenylamine,  the  military  and 
civilian  usage  and  pollution  of  this  chemical  were  evaluated.  In  addition , 
a preliminary  overview  of  toxicological  and  environmental  hazards  was  con- 
ducted. 

2-nitrodlphenylamine  was  only  one  of  the  48  chemicals  evaluated  under 
Phase  1A  of  contract  No.  DAMD17-77-C-7057.  These  chemicals  are  grouped  in 
four  categories 

- explosives  related  chemicals 

- propellant  related  chemicals 

- pyrotechnics 

- d rimers  and  tracers 

Each  category  is  a major  report.  Section  I of  each  report  is  an  overview  of 
the  military  processes  which  use  each  chemical  and  the  pollution  resulting 
from  the  use  of  these  chemicals.  The  problem  definition  study  reports  on 
each  chemical  are  separable  sections  of  these  four  reports. 

In  addition  a general  methodology  report  was  also  prepared.  This  report 
describes  the  search  strategy  and  evaluation  methodology  utilized  for  this 
study. 


l 


a 


■j 

; M 


/.j 


.1 


J 


J 


-131- 


TABLE  OF  CONTENTS 


P*ga 

Summary 7.3 

Foreword v-5 

A.  Alternate  Namaa  ........  ...  V-9 

B.  Physical  Properties  .........  . . v-9 

C.  Chemical  Properties  ........  V-10 

1.  General  Reactions  ............  V>10 

2.  Environmental  Reactions  ....  v-12 

3.  Sampling  and  Analysis  .....  V-12 

D.  Uses  in  Army  Munitions v-13 

1.  Purposes  . V-13 

2.  Quantities  Used v-14 

a.  Historical  Use  V-14 

b.  Current  Use V-14 

3.  Documented  or  Speculated  Occurrences  in  Air  or  Water  . . . v-15 

E.  Uses  in  the  Civilian  Community  V-15 

1.  Production  Methodology  ......  V-15 

2.  Manufacturers,  Production,  and  Capacities  V-16 

3.  Usages  , v-16 

4.  Future  Trends  V-16 

5.  Speculated  or  Documented  Occurrences  in  the  Environment  . . V-16 

F.  Comparisons  of  Military  and  Civilian  Uses  and  Pollution  of 

2-nitrodlphenylamine  V-16 

G.  Toxicological  and  Environmental  Hazards V-16 

1.  Toxicity  to  Mammals V-16 

2.  Toxicity  to  Aquatic  Organisms  .....  V-17 

3.  Toxicity  to  Microorganisms  and  Plants  V-17 

4.  Availability  of  Literature  for  Phase  II  V-17 

H.  Standards  and  Regulations V-17 

I.  Conclusions  and  Recommendations  ...  ........  V-19 

J.  References V-21 


LIST  OF  TABLES 


Table  Page 

V-l  Physical  Propsrtlss  of  2-nitrodipheny lamina  . . V-9 

V-2  Uaa  of  2-nitrodiphenylamina  in  Propsllsnts V-13 

V-3  Acuta  Toxicity  to  Aquatic  Organiama  of 

2-nitrodiphanylamine V-18 

V-4  2-nitrodiphany lamina  Lavala  (ppm)  in  Maw  Rivar 

at  Full  Mobilisation  ...<•»  .....  v-18 

i 

LIST  OF  FIGURES 

Figure  Page 

V-l  Infrarad  Spectrum  of  2-nitrodiphanylamine . V-10 


-134- 


(V-8) 


i: 


s 


i 


i 


V.  2-NITRODIPHENYLAMINE 


A.  Alternate  Names 

2-nitrodiphenylamine  has  the  following  structures 


and  a corresponding  molecular  formula  of  C^2H10f,2°2*  It  has  a molecular 
weight  of  214.23g/mole,  Pertinent  alternate  names  for  2-nitrodiphenylamine 
are  listed  be lows 


CAS  Registry  No. s 
CA  Name  (9Cl)s 
CA  Name  (8C1): 

Wiaweaaer  Line  Notation: 
Synonyms: 

B.  Physical  Properties 


119-73-5 

Benzenamine,  2-nitro-N-phenyl- 
Diphanylamine , 2-nitro- 
wnr  BUR 

C< I.  10335;  2-nitrodiphenylamine; 
o-nitro-N-phenylaniline ; o-nitro- 
diphenylamine;  Sudan  Yellow  1339 


The  physical  properties  of  2-nitrodiphenylamine  are  presented  in 
Table  V-l. 


Table  V-l.  Physical  Properties  of  2-nitrodiphenylamine*. 


Physical  Form  @ 20#Cs 
Color: 

M.P. : 

B.P. : 

Specific  Gravity: 


orthorhombic  crystals 

red-brown 

75—76°  C 

223  3 20  mmHg 

1.366 


* References:  Prasad  and  Shanker,  1936;  Hawley,  1977;  Lange,  1946 
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The  infrared  spectrum  of  this  compound  is  shown  in  Figure  V-l, 


Figure  V-l.  Infrared  Spectrum  of  2-nitrodiphenylamine 

(Pouchert,  1975). 


The  ultraviolet  spectrum  of  2-nitrodiphenylamine  in  methanol  shows  three 
absorption  maximum  (CRC,  1974): 

Xmax  ■ 424  nm  t • 6,770 
258  mn  14,400 

218  nm  13,700 

C.  Chemical  Properties 

1.  General  Reactions 

The  chemistry  of  2-nitrodiphenylamine  has  not  been  widely  reported 
in  the  literature.  Its  chemical  behavior  can  be  expected  to  parallel 
structurally  similar  compounds.  Much  of  the  chemistry  of  diphsnylamine 
should  be  applicable  to  tha  2-nitro  derivative. 

The  amine  proton  should  bs  labils.  Treatment  with  sodium  metal 
will  form  the  anion  (Kirk  and  Othmer,  1964), 


+ Na 
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2-nitrodipheny lamina  will  easily  undergo  electrophilic  aromatic 
aubstitution.  Substitution  will  occur  primarily  on  the  un-nitrated  ring. 


Oxidative  coupling  of  two  molecules  is  possible.  Nitrogen-nitrogen 
coupling  will  be  more  difficult  due  to  increased  steric  hindrance.  Coupling 
through  the  aromatic  rings  could  lead  to  a mixturs  of  four  products  (Kirk  end 
Othmer,  1964). 


Treatment  with  an  organic  acid  chloride  followed  by  heating  may  form  nitro- 
acridines  (Kirk  and  Othmer.  1964). 


2-nitrodiphenylamine  ie  also  structurally  similar  to  o-nitroaniline. 

QT"1'2 

o-nitronniline 
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■'-nitroaniline  is  reduced  to  phenylenediamine  by  iron  (Schenk,  1960). 

An  analogous  reduction  of  2-nitrodiphenylaailne  would  be  expected  to  yield 
2-auinodi‘>henylaoine. 


2.  Environmental  Reactions 

The  photochemistry  of  2-nitrodiphenylamine  has  not  been  reported 
in  the  literature.  It  might  be  expected  to  parallel  the  photoly6es  of  either 
dlphenylamine  or  nitrobenzene,  More  likely,  2-nitrodiphenylamine  will  ex- 
hibit photochromiam,  a photoinduced  isomerization,  analogous  to  2,4-dinitro- 
diphenvlme thane  (Deasauer  and  Paris,  1963). 


Upon  irradiation,  2-nitrodiphenylamine  would  isomerize  to  its  photochrome. 
The  reaction  would  reverse  itself  thermally. 


0 OH 


3.  Sampling  and  Analysis 

Analytical  techniques  for  2-nitrodiphenylamine  have  been  developed 
primarily  for  its  determination  in  propellant  compositions.  Gas  chromato- 
graphy allows  determination  of  2-nitrodiphenylamine  in  single  and  double  base 
propellant  extracts.  Low  injection  port  temperatures  must  ba  used  to  avoid 
decomposition  of  nitroglycerin  resulting  in  nitrations.  Analyses  of  tri- 
acetin,  phthalate  esters,  resorcinol,  and  dimethyl  sebacate  are  carried  out 
simultaneously  (Trowell  and  Philpot,  1969;  Trowtll,  1970). 

2-nitrodiphenylamine  cen  be  determined  spectrophotometrlcally  by  UV 
absorbance  at  420  ran.  Dry  column  chromatography  has  been  reported  as  a 
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eve  double  bate  propellants,  produced  by  both  solvent  and  advent  laaa 
procaaaaa.  2-nitrodiphanylamina  la  in  currant  uaa  at  Radford  AAP , and  haa 
been  uaad  at  Badgar  AAP  and  S"nf lower  AAP  wl.au  they  ware  in  operation. 

2-nitrodiphanylaaine  stabilizes  the  propallanta  by  reacting  with 
NO  and  NO2  formed  by  degradation  of  nitrate  esters.  The  reaction  products 


L39 


L3 


formed  are  N-nitrosonitrodiphenylamines,  dlnitrodlpheny laminae  and  N-nitro- 
■odinitrodiphenylamines  (Richardson,  1975). 

2.  Quantities  Used 

a.  Historical  Use 

During  the  period  1968-1977,  Radford  AAP  purchased  an  average 
of  69,200  lbs  of  2-nitrodipheny lamina  annually.  Production  statistics  for 
this  period  indicate  that  about  90%  of  the  2-nitrodiphenylamine  in  propellants 
was  used  for  solventless  double  base  propellants,  predominantely  uhe  N-5  and 
N0SIH-AA-6  formulations.  The  remainder  was  used  in  solvent  process  double 
base  casting  powders  including  the  AAH,  ARP  and  PNJ  formulations.  However, 
propellant  production  accounted  for  only  48%  of  the  2-nitrodiphenylamine  pur- 
chased. The  specific  amount  of  2-nltrodiphenylamine  processed  by  RAAP  during 
1968-1977  is  shown  below  (JJatta,  1978): 

1968  1969  1970  1971  1972  1973  1974  1973  1976  1977 

262,800  40,000  0 f.,900  79,800  57,230  101,400  12,500  32,200  97,100 


b.  Current  Use 

During  1977  the  average  use  rate  of  2-nitrodiphenylamine  at 
Radford  AAP  was  4,600  lb/month.  Based  upon  December  1977  production  of  pro- 


pellants,  the  following 

amountc  of  thie  chemical 

were  used: 

Propellant 

Lb  produced 
December.  1977 

Lb  2-nitrodiphenylamine 

Used 

ARP  Casting  Powder 

100,000 

2,000 

N0SIH-AM-2 

44,000 

880 

M-36 

27.000 

540 

N-5 

134,000 

2.680 

6,100 


These  figures  show  that  in  December  1977,  2-nitrodiphenylamlne  was  consumed 
at  about  133%  of  the  average  rate  for  1977. 

c.  Use  at  Full  Mobilization 

The  full  mobilization  use  rate  of  2-nitrodiphenylamlne  is 
about  the  same  as  the  use  rate  in  December  1977,  i,e,t  6,000-7,000  lb/month. 
Not  all  uf  the  items  requiring  2-nitrodiphenylamine  can  be  produced  at  the 
same  time,  as  they  use  cor*mon  facilities. 
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3.  Documented  or  Speculated  Occurrences  in  Air  or  Water 

The  actual  concentration  of  2-nitrodiphenylamine  in  waste  streams 
has  not  been  measured.  Effluents  containing  2-nitrodiphenylamine  would  be 
expected  to  derive  from  the  following  sources! 

- Preparation  operations  including  weighing!  grinding  or 
classification.  Dust  or  particulates  are  collected  in 
wet  scrubbers,  from  which  both  solid  wastes  and  contami- 
nated effluents  may  be  generated. 

- Residues  from  washdown  operations  generate  effluents  which 
are  filtered  and  discharged.  Collected  solids  are  trans- 
ported to  the  burning  grounds, 

- Process  water  from  manufacture  of  propellants  by  the  sol- 
vent process.  These  effluents  appear  in  the  C-line  waste 
water  stream,  the  48  inch  general  purpose  sewer  and  the 
solvent  recovery  area  discharges. 

- Process  wastes  from  solventless  propellant  manufacture. 

These  effluents  appear  in  the  rolled  powder  area  waste 
streams. 

Approximately  1-6X  of  the  double  base  propellants  produced  are  lost 
during  processing  operations  (Smith  and  Dickonaon,  1974),  This  percentage 
could  account  for  60-360  lb/month  of  2-nitrodiphenylamine  in  the  effluents  at 
Radford  AAP.  In  addition,  3-5X  of  the  2-nitrodiphenylamine  handled  may  be 
lost  during  preparation  operations.  Thus,  ths  total  amount  of  2-nitrodiphenyi- 
amina  in  watte  streams  may  ba  240-670  lb/month.  This  figurt  is  also  applicabla 
to  full  mobilisation  operations, 

2-nitrodiphenylamine  is  sparingly  soluble  in  water.  Thus,  much  of 
the  lost  material  may  be  recovered  us  solids  in  the  effluent  stream  filters. 

The  amount  actually  reaching  the  New  River  as  a solute  in  effluent  streams  is 
estimated  at  1/3  to  1/2  the  total  lost,  or  80  to  200  lb/month.  The  presence 
of  2-nitrodiphenylamine  has  been  detected  in  sediment  samples  from  the  New 
River  bottom.  Near  outfall  22,  core  samples  were  found  to  contain  from  <0.5 
to  12.2  mg/kg  of  2-nitroJipheny lamina  (Glennon,  1977). 

E.  Uses  in  the  Civilian  Community 

1.  Production  Methodology 

2-nitrodiphenylamine  can  be  produced  on  an  industrial  scale  by  re- 
acting ortho-nitrochlorobenzene  with  aniline  in  the  presence  of  anhydrous 
sodium  carbonate  powder. 
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Excess  aniline  is  used  lor  the  reaction  medium.  The  water  which  forms  is  re-  1 

moved  us  an  aniline swater  azeotrope.  The  reaction  runs  for  nine  hours. 
2-nitrodiphenylamine  is  recovered  by  washing  and  recrystallization.  The  . . 

yield  is  96%  (Deaseigne  and  Kubussier,  1957).  | 

2.  Manufacturers,  Production,  and  Capacities 

The  only  U . S . producer  of  2-nitrodiphenylamine  ia  the  American  ! 

Cyanamld  Co.  They  operate  a plant  of  unknown  capacity  in  Marietta,  Ohio 
(8.R.I.,  1977),  2-nitrodiphenylamine  is  manufactured  exclusively  for  sale  - : 

(American  Cyanamld,  1977a).  Historical  production  statistics  are  unavail- 
able due  to  their  proprietary  nature. 

3.  Usages  i 


The  only  civilian  uee  for  2-nitrodiphenylamine  is  as  a chemical 
intermediate  in  the  dye  industry. 

4,  Future  Trends 

No  future  applications  for  2-nitrodiphenylamine  in  the  civiliun 
sector  are  anticipated. 

5.  Speculated  or  Documented  Occurrences  in  the  Environment 

Occurrences  of  2-nitrodiphenylsmine  in  the  environment  from 
civilian  production  or  uee  have  not  been  reported. 

F.  Comparleon  of  Military  and  Civilian  Uses  end  Pollution  of  2-nitro- 

dlphsnylamlnc  ‘ 

I ) 

Since  American  Cyanamld  ia  the  only  U.S.  producer  of  2-nitrodiphenyla-  ! ^ 

mine,  it  le  not  possible  to  obtain  production  statistics.  From  Radford  pur-  I , 

chases,  production  capacity  of  2-nitrodiphenylamine  must  be  >250,000  lb/yr,  j • 

The  amount  of  sales  to  the  dye  industry  is  also  not  available,  However,  it  ; ? 

appears  that  the  Army  is  one  of  the  main  uaere  of  2-nitrodiphenylamine  and  j j 

probably  one  of  the  major  polluters  as  well.  j 

G,  Toxicological  and  Environmental  Hazards  J « 

1,  Toxicity  to  Msmmsls  I j 

Only  limited  toxicological  studies  with  2-nit rod iphenylamins  have 
bsen  conducted,  The  oral  LD50  of  2-nitrodiphenylamine  for  rats  is  6.15  g/kg  ' 

(American  Cyanamld,  1977  A 24  hour  LD50  for  skin  contsct  in  rabbits  was 
determined  to  be  >10  g/kg.  Americun  Cyanamid  (1977b)  did  not  observe  any  ' ’ 
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irritation  whan  2-nitrodiphenylamine  waa  applied  to  rabbit  eyes  or  akin. 
This  data  indicate*  2-nitrodiphenylanina  has  a low  toxicity, 


2.  Toxicity  to  Aquatic  Organiana 

Laval  a of  2-nltrodiphanylamina  in  tha  aquatic  anvironaant  hava 
racaivad  little  attention.  Valtzal  at  al.  (1976)  found  2-nitrodiph*nylamina 
lavala  in  tha  sediment  in  the  New  River  ranged  from  0.5-12.2  ppm  with  a mean  of 
about  1.3  ppm.  Thaaa  lavala  are  low  dua  to  loaaaa  in  the  analytical  procedure, 
Warner  et  al,  (1976)  determined  tha  acuta  toxicity  of  2-nitvodiphanylamina 
to  aquatic  organiame  (Table  V-3) . They  found  2-nit rod iphanylamlne  waa  moat 
toxic  to  Daphnia  rngna.  Their  atudy  indicataa  that  2-nltrodiphanylamine 
and  dlphenylamlna  have  a similar  toxicity. 

'Radford  AAP  currently  uaes  6000-7000  lb /month  of  2-nitrodiphanylamlna. 
Thla  uae  rata  ia  approximately  the  aame  aa  it  would  be  at  full  mobilisation. 
It  ha*  bean  aatimatad  that  80  to  200  lb /month  would  be  releaaod  into  Now 
River.  Table  V-4  ahowa  the  concent rat lona  of  2-nltrod iphanylamlne  that  could 
occur  at  different  flow  rate*  and  mixing  percentage*.  From  these  data, 

2-nit rod iphanylamlne  can  be  toxic  to  aquatic  organlama  in  a limited  area 
of  tha  river.  Data  from  Weitsel  ft  al . (1976)  aubatantlatea  our  aatimataa. 
They  found  affluent  water  levels  of  2-nitrodiph*nylamine  ranged  from  1-14 
ppm,  with  a mean  of  3.5  ppm.  If  the  effluent  mixes  with  10X  of  the  river 
flow,  the  concentration  of  2-nitrodlphanylamina  ia  approximately  40  ppb, 

Upon  release  into  New  River,  2-nltrodiph*nylamine  would  probably 
react  in  a similar  way  aa  dlphenylamlna.  2-nltrodiph*nylamina  would  build 
up  in  the  aedimant  and  undergo  various  nitration  reactions.  2-nltrodlphenyl- 
amine  could  be  degraded  to  amlno-diphanylamin*  which  has  a greater  toxicity 
(Weltsel  et  al.,  1976).  Other  problems  could  occur  with  various  2-nltro- 
dlphenylamine  derivatives  and  their  toxicity  to  aquatic  organiame. 

3.  Toxicity  to  Microorganisms  and  Plante 

No  data  was  retrieved  on  the  toxicity  of  2-nitrodiphenylamin*  to 
microorganisms  or  plants. 

4.  Availability  of  Literature  for  Phase  II 

The  only  toxicological  data  on  2-nitrodlphenylamin*  obtained  was 
from  the  manufacturer's  data  sheet  and  U.  S,  Army  Medical  Research  and 
Development  Command-sponsored  studies,  Information  for  a Phase  II  study 
would  hava  to  coma  from  tha  manufacturer  and  foreign  literature. 

H.  Standards  and  Regulations 

There  era  no  specific  United  States'  standards  or  regulations  for  2- 
nitrodiphenylamina.  This  compound  is  listed  in  GPA's  "Toxic  Substances 
Control  Act  Teat  of  Candidate  Chsmical  Substances s"  however,  EPA  does  not 
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Tabla  V-3.  Acuta  Toxicity  to  Aquatic  Organlans  of 
2-nltrodiphanylamina . 


Soaciaa 

Houra 

LC30  (ppm) 

Rafaranco 

Daphnia  m^na 

24 

48 

<1.8 

1.2 

Warnar  at  al , 

II 

Fathaad  Minnow 

24 

3.83 

II 

(Hmphilaa  pvcmlaa) 

48 

<3.83 

II 

II  II 

96 

2.14 

II 

Grttn  Sunt 1th 

96 

<5.B6 

II 

(lepomia  oycmelluo) 


.Tabla  V-4. 

2-nltrodlphanylamina  Lavala  (ppm) 
at  Full  Mobilisation.* 

In  Naw  Rlvar 

Dagraa 

of  mixing 

Low  Flow 
(336  ard) 

Avaraga  Flow 
(2300  mad) 

IX 

0.22 

0.03 

10X 

0.022 

0.003 

100X 

0.0022 

0.0003 

*baaad  on  loaaaa  of  200  lb/month 
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have  any  plans  for  further  studies  on  this  compound  in  the  near  future. 
1.  Conclusions  and  Recommendations 


The  goal  of  this  preliminary  problem  definition  study  on  2-nitro- 
diphenylamine  was  to  assess  tha  Army's  responsibility  for  sponsoring  furthsr 
studies  on  this  chemical.  From  the  information  gathered  during  thia  study, 
the  following  conclusions  can  be  drawn: 

1.  Although  2-nitrodiphanylamine  is  not  a militarily  unique  chemical, 
the  Army's  propellant  production  la  the  major  user  and  polluter  of  the 
chemical. 


2.  Although  this  compound  la  relatively  non-toxic  to  mammals,  it 
la  highly  toxic  to  aquatic  organisms.  Any  discharge  represents  a serious 
environmental  hasard. 

On  the  basis  of  the  results  for  thia  preliminary  study,  it  is  recom- 
mended that  2-nitrodiphenylamine  be  included  in  tha  detailed  Phase  II 
evaluation.  Xf  sufficient  information  is  not  available  in  the  foreign 
or  older  literature  on  the  environmental  fata  of  2-nitrodlphanylamine, 
laboratory  studies  should  be  conducted  to  determine: 

- Mloroblal  transformation  of  this  compound. 

- The  ability  of  the  planned  treatment  processes  to  affectively 
remove  tha  compound  from  the  waste  streams. 

- The  toxicity  and  environmental  fate  of  degradation  products. 


i 
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SUMMARY 


N-nitrosodiphenylamine  is  not  used  by  the  Army  in  its  munitions 
production.  This  compound  is  formed  in  solid  propellants  as  a result  of  the 
reaction  of  diphenylamine  with  NO.  The  NO  is  produced  from  the  degradation 
of  nitrate  ester  explosives  in  the  propellant.  N-nitrosodiphenylamine  is 
present  in  the  effluents  from  propellant  manufacture.  Maximum  discharges 
of  this  coumpound  at  full  mobilization  are  estimated  to  be  360-600  lb/year. 
However,  it  could  be  formed  in  the  environment  by  the  action  of  micro- 
organisms. Studies  have  indicated  that  N-nitrosamine  can  be  formed 
microbially  from  diphenylamine  and  nitrate. 

N-nitrosodiphenylamine  is  produced  comercially  by  four  companies.  Its 
only  use  is  as  a vulcanization  retarder  for  rubber.  However,  N-nitrosodi- 
phenylamine is  being  replaced  by  steroid-type  retarders  by  the  rubber  industry. 

The  toxicity  of  N-nitrosodiphenylamine  in  acute  doses  is  low  (LD50  for 
rats  is  5360  mg/kg) . This  compound  has  been  tested  for  its  carcinogenic  po- 
tential. It  has  been  found  to  he  non-car cinogenic.  The  aquatic  toxicity 
of  this  compound  is  unknown. 

From  the  information  evaluated  in  this  study,  it  is  concluded  that 
N-nltrosdlphenylamlne  is  not  a military  unique  chemical.  Any  potential 
effects  of  this  compound  on  the  aquatic  ecosystem  would  be  overshadowed 
by  those  of  diphenylamine.  Therefore  N-nitrosodiphenylamine  should  be  a 
low  priority  chemical  for  further  study  by  the  Army. 


FOREWORD 


This  rsport  details  ths  results  of  a preliminary  problem  definition 
study  on  N-nitrosodiphenylsmins.  The  purpose  of  this  atudy  was  to  determine 
the  Army's  responsibility  for  conducting  further  research  on  N-nitrosodi- 
phany lamina  in  order  to  determine  its  toxicological  and  environmental  hazards 
so  that  affluent  standards  can  be  recommended.  In  order  to  determine 
the  Army's  responsibility  for  further  work  on  N-nitrosodiphenylamine,  the 
military  and  civilian  usage  and  pollution  of  this  chemical  ware  evaluated. 

In  addition,  a preliminary  overviaw  of  toxicological  and  environmental 
hazards  was  conducted. 


N-nitrosodiphenylamine  was  only  one  of  the  48  chemicals  evaluated  under 
Phase  1A  of  contract  Mo.  DAMD17-77-C-7057.  These  chemicals  are  grouped  in 
four  categories 

- explosives  related  chemicals 

- propellant  related  chemicals 

- pyrotechnics 

- primers  and  tracers 

Each  category  is  a major  report.  Section  1 of  each  report  is  an  overview  of 
the  military  processes  which  use  each  chemical  and  ths  pollution  resulting 
from  the  use  of  these  chemicals.  The  problem  definition  study  reports  on 
each  chemical  are  separable  sections  of  those  four  reports. 

In  addition,  a general  methodology  rsport  was  also  prepared.  This  report 
describes  the  search  strategy  end  evaluation  methodology  utilized  for  this 
study. 


\ 

j 

t 


i 

A 

•ji 


.1 


*1 


TABLE  OF  COSTENTS 


Page 


Siuniry VI-3 

Foreword VI-5 

A.  Alternate  Names  . VI-9 

B.  Physical  Properties  VI-9 

C.  Chemical  Properties  ..........  VI-10 

1.  General  Reactions  ........  . VI-10 

2.  Environmental  Reactions  ........  VI-11 

3.  Sampling  and  Analysis . VI-11 

D.  Uses  in  Army  Munitions  , . . VI-11 

1.  Purposes VI-11 

2.  Quantities  Used  VI-12 

3.  Documented  or  Speculated  Occurrences  in  Air  or  Water  . VI-12 

E.  Uses  in  Civilian  Community  ................  VI-12 

1.  Production  Methodology  ..........  VI-12 

2.  Manufacturers,  Production,  and  Capacity  VI-13 

3.  Usages VI-14 

4.  Future  Trends • VI-14 

5.  Documented  or  Speculated  Occurrences  in  the 

Environment VI-14 

F.  Comparison  of  Military  and  Civilian  Uses  of 

N-nitroaodlphenylamina  . VI-14 

G.  Environmental  and  Toxicological  Hasards  of 

N-nitresodiphany lamina  .....  VI-14 

1.  Mammalian  Toxicity  ..........  VI-14 

2.  Aquatic  Toxicity  .........  VI-15 

3.  Toxicity  to  Microorganisms  VI-15 

4.  Phytotoxicity VI-16 

5.  Environmental  Fats VI-16 

6.  Literature  Availability  for  Phase  II . VI-16 

H.  Regulations  and  Standards  . . ......  VI-16 

1,  Air  and  Water  Regulations  . VI-16 

2.  Health  Standards  .......  VI-17 

I.  Conclusions  and  Recommendations  . VI-17 

J.  References  VI-19 


155' 


(VI-7) 


Table  of  Content* 

(Continued) 

LIST  OF  TABLES 

Number  Pm 

1 Physical  Properties  of  N-nitroaodiphenylaoine  .......  VI-9 

2 N-nitroaodiphanylamina  Producers  ....  VI-13 

3 U,  S.  Production  of  N-nitroaodiphanylamina  VI-13 

4 Acuta  Toxicity  of  N-nitroaodiphsnylamine  to  Mammals  ....  VI-15 

5 Degradation  of  N-nitroaodiphanylamina  VI-16 


VI. 


N-nitrosodiphenylamine 


A.  Alternate  Names 

N-nitrosodlphenylamine  is  a nitrosamine  having  the  following  structure: 


N=0 

CTO 


compound  is  C^2^10^2^  corresponding  to  a molecu- 
Alternate  names  for  N-nitroaodiphenylamine  are 


86-30-6 

Benzenamine,  N-nitroso-N-phenyl- 
Dipheny lamina , N-nitroso- 
Wiswesser  Lina  Notation:  ONNR&R 

Synonyms:  Diphenylnitrosamine;  N-nitroso-N- 

pheny laniline ; N-aitro so-diphenylamlne ; 
Nitrosodiphany lamina;  Rad ax,  Retarder 
J;  Vulcatard  A;  Vulkalant  A;  Vultrol 

B.  Physical  Properties 

The  physical  properties  of  N-nitrosodiphwnylamine  are  presented  in  Table 
VI-1,  The  Infrared  spectra  of  N-nitrosodlphenylamine  shows  absorption  at 
3050,  1590,  1490,  1480,  1440,  1300,  1180,  1150,  1080,  1040,  990,  °00,  750, 

740  and  690  cm”3-  (CRC,  1974),  The  ultraviolet  spectra  of  the  compound  in 
ethanol  has  an  absorption  maximum  at  290  nm  (Davidoon,  1974) . 


The  molecular  formula  of  this 
lar  weight  of  198.23  g/mole. 
listed  below: 

CAS  Registry  No. : 

CA  Name  (9  Cl): 

CA  Name  (8  Cl): 


Table  VI-1.  Physical  Properties  of  N-nitrosodiphenylamine. 


Physical  Form  @ 20°C: 
Color  and  Crystal  Form: 
Odor: 

M.P. : 

Specific  Gravity: 
Solubility: 


solid 

yellow  to  brown  or  orange  powder  or  flakes 

mildly  amine 

64-66eC 

1.23 

water  - practically  insoluble.  Soluble  in  ace- 
tone, benzene,  alcohol  and  ethylene  dichloride. 
Somewhat  soluble  in  gasoline 


*Ref erences:  Hawley,  1977;  American  Cyanamld  Company,  1974. 
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C.  Chemical  Properties 


1.  General  Reactions 

N-nitroaodiphanylamine,  like  other  aromatic  compounda,  will  undergo 
electrophilic  substitution  on  the  aromatic  ring.  Its  reactivity  is  compara- 
ble to  benzene  due  to  the  delocalisation  of  the  amino  unshared  electron  pair 
to  the  nitroao  function. 


Halogenatlon  will  occur  in  the  presence  of  a catalyst. 


N sO  N-B 


Direct  nitration  does  not  occur.  In  the  presence  of  nitric  acid,  N-nitroaodi- 
phenylamine  undergoes  the  Fischsr-Hspp  rearrangement  to  C-nltroaodipheny lamina 
which  is  immediately  oxidised  to  C-nitrodlphenylamlne.  Migration  of  the  nitro- 
ao group  to  the  para  position  of  the  ring  predominates. 


N sc  0 


In  aqueous  HC1  the  arrangment  occurs  without  subsequent  oxidation. 


N-nitrosodipheny lamina  readily  acts  as  a donor  of  the  nitroso  group. 
Transnitrosatlon  between  N-nitroeodiphanylamine  and  N-mathylanillne  occurs  at 
normal  temperatures  in  dilute  acid. 
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Kinetic  studies  Indicate  that  the  reaction  le  a direct  transfer  of  the  nJtroeo 
group  rather  than  transfer  proceeding  via  free  nitrous  acid  (Clallie  an>i 
Osborne,  1972). 

2.  Environmental  Reactions 

The  photolysis  of  N-nitrosodiphenylamine  In  an  organic  solvent  at 
low  temperatures  has  been  Investigated,  Irradiation  at  250  to  300  na  produces 
two  species  (Lewis  end  Lipkin,  1942). 


These  products  may  undergo  a number  of  possible  reactions  including  radical 
coupling  and  electrophilic  substitution <to  form  compounds  similar  to  those 
shown  below. 

0, -0  Q ... 

0"T*  OrXrX) 

3.  Sampling  and  Analyels 

N-nitrosodiphany lamina  may  be  analysed  by  several  methods  including 
gas  chromatography,  ultraviolet  spectroscopy  and  thin  layer  chroma tography. 
However,  analytical  results  very  significantly  depending  on  the  care  taken 
in  the  purity  of  solvents,  preparatory  procedures  and  exposure  to  light. 

If  the  solvents  ere  impure  or  the  solution*  are  exposed  to  light,  denitrosation 
rapidly  occurs  changing  the  analytical  results  (Davidson,  1974).  Danitro- 
■atlon  also  occurs  in  the  gas  chromatography.  This  denitrosation  le  repro- 
ducible, but  not  stoichiometric.  The  presence  of  diphenylamine  is  a 
significant  interference  In  all  analytical  methods  and  its  presence  must 
be  quantitated  in  order  to  assess  the  amount  of  N-nltrosodlphenylamlna 
present  In  the  sample. 

D.  Usee  In  Army  Munitions 

1.  Purposes 

N-nitrosodiphenylemina  i«  not  e component  in  the  formulation 
of  propellants.  It  le  a degradation  product  of  diphenylamine,  which 
appears  as  the  propellent  ages.  The  ratio  of  N-nitroeodlphenylamlne  to 
diphenylamine  in  the  propellent  ia  used  as  a measure  of  the  quality  of  the 
propellant  (Richardaon,  1975). 
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N-nitroaodiphenylaraine  la  formed  when  diphanylamlna  raacta  with 
MO  produced  from  degradation  of  nitrate  eetera.  The  N-nitrosodiphanylamine 
alao  acts  as  a etabilizer.  This  compound  further  reacta  with  NO  or  NO2 
to  form  nitrodiphenylamines  and  N-nitrosonitrodiphanylamines  (Richardson, 
1975). 


2.  Quantities  Used 

Since  N-nltrosodiphanylamine  appears  only  aa  a degradation  product, 
only  very  email  amounta  would  be  expected  to  appear  during  the  propellant 
manufacturing  process.  It  ia  anticipated  that  a maximum  of  IX  of  the  di- 
phenylamlna  loet  is  converted  to  N-nitrosodiphenylaaina.  This  convaraion 
rate  would  recount  for  3 to  5 lb/month  at  current  production  rates  and  30 
to  50  lb/month  at  full  mobilisation  rates. 

3.  Documented  or  Speculated  Occurrences  in  Air  or  Water 

N-nitroaodiphanylamina  would  appear  in  any  effluent  stream  which 
receives  dipheny lamina.  Since  diphanylamlna  la  used  for  single  baas 
propellants  made  by  the  solvent  process,  the  C-llne  waste  streams  at  Radford 
AAP  may  contain  some  N-nltroeodipheny lamina,  There  has  never  been  a 
quantitative  measurement  of  this  material  in  plant  effluents,  however. 

Since  N-nitroaodiphanylamina  is  not  added  to  the  propellant 
formulations,  there  are  no  losses  associated  with  chemical  preparation 
steps.  This  represents  a major  source  of  losses  for  most  propellant 
additives. 

It  is  unlikely  that  diphanylamlna  is  converted  into  N-nltroso- 
dlphenylamlne  after  it  is  leached  from  propellant  particles  and  enters 
the  effluent  streams  as  a solute.  The  concentration  of  dlphenylamlne  is 
only  a few  parts  par  million  at  most,  so  the  transformation  is  not 
probable  (Glannon,  1977). 

E.  Uses  in  tho  Civilian  Community 

1.  Production  Methodology 

N-nltrosodiphsnylamine  is  produced  commercially  by  direct 
nitrosatlon  of  diphanylamlna  (American  Cyanamld,  1976). 
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Nitrous  acid  is  generated  in  aitu  by  the  addition  of  sodium  nitrite  to 
strong  acid.  A non-oxidising  acid  auch  aa  HC1  must  be  uaed  to  prevent 
migration  of  the  nitroao  group  onto  the  aromatic  ringa. 

2.  Manufacturer,  Production,  and  Capacity 

Manufacturers  of  N-nitrosodiphanylamlne  are  listed  in  Table  VI-2 
(S.R.I.  1977). 


Table  VI-2.  N-nitroaodlphanylamine  Producers, 


American  Cyananid  Co.,  Organic  Cheaa.  Div. 

The  B.F.  Goodrich  Co.,  B.F.  Goodrich 
Cham.  Co.  Div. 

The  Goodyear  Tire  & Rubber  Co. 

Uniroyal,  Inc.,  Unlroyal  Cham.  Div. 


Bound  Brook,  N.J. 

Akron,  Ohio 
Akron,  Ohio 
Naugatuck,  Conn. 


American  Cyanamld  manufactures  N-nitrosodipheny lamina  for  aale  under  the 
trade  name  Retarder  2N.  B.F.  Goodrich,  Goodyear,  and  Uniroyal  manufacture 
N-nltroeodlphanylamlne  for  uae  in  their  rubber  products.  Production 
capacities  are  not  available. 

Table  VI-3  contains  the  reported  U.S.  production  of  N-nltroso- 
diphenylamine  alnca  1969  (U.S,  Tariff  Commission), 


Table  VI-3.  U.S.  Production^  of  N-nltrosodiphenylamine. 

1969  1970  1971  1972  1973  1974  1975  1976 

2047  1528  1660  2018  2485  3496  1680  1307 

1.  in  thousand  pounds 
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3.  Usages 

N-nitrosodipheny lamina  la  uaad  exclusively  aa  a vulcanisation 
ratardar  in  tha  rubbar  procassing  industry. 

4.  Future  Trends 

N-nitroaodiphanylamina  la  baing  raplacad  in  tha  rubbar  lnduatry 
by  steroid-type  ratardara.  Thia  phaaing  out  la  dua  to  eoncarn  ovar 
N-nitroaodiphanylamina 'a  toxicity  and  poaaibla  carcinoganicity  (Salisbury 
Labs,  1978) . 

5.  Documantad  or  Speculated  Occurrences  in  the  Environment 

Thera  are  no  reports  of  N-nitroeodipheny lamina  in  tha  civilian 
environment  from  civilian  manufacture  or  use. 

F.  Comparison  of  Military  and  Civilian  Uaee  of  N-nitroaodiphanylamina 

Tha  military  doaa  not  intentionally  produce  N-nitroaodiphanylamina 
in  its  propellant  manufacturing  facilities.  This  compound  is  a by-product 
formed  by  tha  reaction  of  the  dlphenylamlna  stabilizer  with  NO  produced 
by  degradation  of  nitrate  asters.  Maximum  environmental  discharge  of 
thia  compound  would  be  30-50  lb /month  or  360-600  lb /year  from  each  operat- 
ing plant  at  full  production  capacity.  Thus  tha  maximum  military  discharge 
at  full  mobilisation  of  Radford,  Badger  and  Sunflower  would  be  1800  lb/year. 

N-nitroaodiphanylamina  is  produced  by  tha  civilian  community  as  a 
rubber  stabiliser.  Ovar  1 million  pounds  ara  produced  annually  in  tha 
United  States.  Although  no  figures  ara  available  for  environmental 
discharges  from  civilian  production  and  usage  of  N-nitroaodiphenylamlno, 
a IX  loaa  would  not  be  unreasonable.  Based  on  1976  production  rates,  a 
IX  loaa  would  result  in  an  environmental  diacharge  of  13,070  lb/yaar. 

The  projected  maximum  military  diacharge  la  only  14X  of  the  present  civilian 
diacharge  of  N-nltrosodiphenylamlne.  Current  military  discharges  are 
only  0.5X  that  of  the  civilian  community. 

Thua,  N-nitroaodiphenylamine  is  not  a military  unique  chemical  at  this 
point  in  time.  However,  in  the  future  it  may  be  a military  unique  compound 
due  to  the  replacement  of  N-nitroacdiphenylamlne  by  other  compounds  in  the 
rubber  lnduatry. 

0.  Environmental  and  Toxicological  Hazards  of  N-nitroaodiphanylamlne 

1.  Mammalian  Toxicity 

The  acute  toxicity  of  N-nltrosodiphenylamlne  haa  bean  determined 
in  the  rabbit  and  mouse  by  oral  administration  and  skin  contact.  The 
resulting  data  are  compiled  in  Table  VI-4. 
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Table  VI-4.  Acuta  Toxicity  of  N-nitroaodipheny lamina  to  Maimnala. 


Species 

Route  of 
Adminiatration 

Dose 

...  ma/ kg 

Effect 

Reference 

Mouse 

Skin  Contact 

1000 

TDLo 

Bionetlca 

Research  Lab. 

Mouse 

Oral 

410 

TDLo 

•« 

Albino  rat 

Oral 

5360 

LD50 

American  Cyanamid 
Company,  1974 

Albino  rat 

on  clipped 

>5000 

24  hr  LD50 

It 

akin 


Inapactlon  of  tha  Tabla  indlcataa  that  N-nitrosodiphanylamine  has  a low 
toxicity.  No  irritation  waa  obaerved  when  N-nltroaodiphenylamlne  waa 
appliad  to  rabbit  ayaa  or  akin. 

N-nitrosodiphanylamine  haa  bean  tea ted  for  carcinogenic  potency. 

It  ia  conaidared  noncarcinoganic  and  ia  thua  one  of  the  few  N-nitroao 
compounda  which  doea  not  produce  cancer. 

2.  Aquatic  Toxicity 

No  literature  concerning  the  aquatic  toxicity  of  N-nitroaodipheny 1 
amine  waa  retrieved.  However,  due  to  tha  low  mamnalian  toxicity  combined 
with  tha  limited  water  aolubility  and  limited  lifetime  of  N-nitroao- 
diphany lamina,  thia  compound  ahould  praaant  little  toxicity  to  aquatic 
organiama  unlaaa  released  in  maaaiva  amounta. 

3.  Toxicity  to  Microorganiama 

little  if  any  raaearch  haa  been  conducted  on  the  growth 
inhibition  or  toxicity  of  N-nitroaodipheny lamina  to  bacteria.  However, 
N-nitroaodipheny lamine  can  ba  degraded  by  microorganiama.  Tha  percent 
breakdown  of  N-nitroaodiphanylamine  by  aeveral  bacteria  ia  ahown  in 
Table  VI-5.  Aa  aean  in  the  Table,  Straptoooooua  faaoalia  atralna 
conalatently  metabolite  N-nitroaodlphany lamina.  Rowland  and  Craaao  (1975) 
alao  obaerved  that  the  lower  the  concentration  of  N-nitroeod ipheny lamina 
the  more  efficient  the  degradation.  Nitrate  ion  and  dlphenylamina  are 
the  producta  of  the  degradation. 

While  more  information  about  N-nitroeodiphenylamlne  ia  needed, 
it  ia  apparent  from  thia  data  that  N-nitroaodipheny lamina  ia  degradable. 
Thua  a low  release  ahould  not  be  highly  toxic  to  microorganisms. 
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Table  VI-5.  Microbial  Dagradation  of  N-nitroaodlphenylaalna 
(Rowland  and  Graaao,  1975) 

Bacterium 

Stralna 

Tea tad 

Percent 

Poaltiva  Breakdown 

bactarolda 

7 

29 

bifidobacterium 

6 

33 

Etohtriohia  ooli 

25 

76 

Lactobacillua 

15 

73 

Strtptoooooua  fatoalia 

14 

93 

- 

4 . Phy to toxicity 

No  Information  was  ratriavad  on  tha  phytotoxielty  of  N-nitroeo- 
diphany lamina, 

5.  Envlronmantal  Fata 

N-nltroaodiphenylamlna  haa  baan  ahown  to  rapidly  dagrada  to 
dlphanylamlna  in  tha  praaanoa  of  light.  (Davidaon,  1974).  Zt  la  alao 
dagradad  to  dlphanylamlna  by  mlcroorganiama  (Rowland  and  Graaao,  1975). 
Thua,  it  appaara  that  any  anvironmantal  affaota  would  ba  from  dlphanyl- 
amlna and  lta  potantlal  raactlon  produeta.  Slnca  dlphanylamlna  la 
ralaaaad  at  Radford  AA?  at  much  hlghar  lavala  than  N-nitroaodiphenylamina , 
lta  anvironmantal  haaarda  could  ovarvhalm  any  haaarda  from  N-nitroeo- 
dlphany lamina. 

6.  Lltaratura  Availability  for  Phaaa  XI 

Savaral  atudlaa  hava  baan  parformad  or  ara  baing  parformad 
on  tha  toxicological  propartlaa  of  N-nltroaodlphanylamlna.  Thara 
ahould  ba  aufficlant  lltaratura  avallabla  for  a Phaaa  II  toxicological 
evaluation.  Envlronmantal  data  la  not  aa  plentiful,  howavar  contacta 
with  manufacturare  (aapaclally  thair  pollution  abatement  paraonnal) 
may  lead  to  more  information. 

H.  Ragulationa  and  Standards 

1.  Air  and  Water  Ragulationa 

No  apacific  air  and  water  dlacharga  ragulationa  ara  in  affect  for 
N-nitroaodiphany lamina.  However,  EPA  haa  propoaed  effluent  guideline 
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a tender da  for  the  rubber  proceaeing  point  aourca  category.  N-nitroeo- 
diphenylamina  would  come  Into  thla  affluent  atandard  (Fadaral  Raglatar, 
January  10,  1975). 


i 


l 

i 

I: 


2.  Health  Standard* 

No  thraahold  Holt  valuta  hava  batn  aat  for  N-nltroeodlphenylamine. 
It  la  liatad  on  EPA  Toxic  Subataneaa  Control  Act  Candidate  Llat  of 
Chanlcal  Subataneaa  (1977).  NCI  (1978)  haa  aeudlad  N-nitroaodiphenylamina 
in  ita  earclnoganic  program,  however,  thla  report  la  not  yat  available. 

I.  Concluaiona  and  Racommandationa 

In  thla  preliminary  problem  definition  atudy  report,  the  civilian 
and  military  uaaga  and  pollution  aaaociatad  with  N»nitroaodlphenylamine 
haa  bean  examined.  On  the  baala  of  thla  Information,  It  la  concluded 
that  N-nitroeodiphanylamina  la  not  a military  unique  compound.  It  doea 
not  appear  to  ba  highly  toxic  or  carcinogenic  to  mammala.  Although  the 
aquatic  toxicity  of  thla  compound  la  unknown,  any  toxic  affacta  would  ba 
overahadowad  by  the  more  prevalent  highly  toxic  diphanylamlne . Therefore 
It  la  recommended  that  the  Army  not  initiate  any  further  work  on  thla 
compound.  Howavar  It  may  enter  Into  a atudy  of  the  environmental  fate  of 
diphenylamlne. 


I -J 


i 


> 


t 
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SUMMARY 


Diethyl-,  dibutyl-  and  dlathylhaxyl  phthalata  are  used  at  plasti- 
cizer t in  the  manufacture  of  aolld  propellants  at  Radford,  Badger,  Sunflower 
and  Indiana  Army  Ammunition  Plant a Currently,  only  Radford  and  Indiana 
are  operational.  Of  the  phthalata  esters,  dlbutyl  phthalata  is  the  largest 
volume  propellant  additive.  At  current  production  rates,  Radford  uses 
344,400  lb/year  of  this  compound,  primarily  for  the  M-l  formulation.  At 
full  mobilization,  2.3  million  lb/yaar  of  dibutyl  phthalata  would  be  needed 
by  Radford  AAP  alone.  Estimated  discharges  of  dlbutyl  phthalate  to  the  New 
River  at  full  mobilisation  are  1040  to  4160  lb /month." 


Diethylphthalate  is  used  exclusively  in  the  N-5  and  M-8  propellant 
formulations.  Current  use  rate  of  diethyl  phthalate  is  228,000  lb/yaar. 
Radford  is  currently  operating  at  full  production  capacity  of  these  propel- 
lants. Discharge  of  diethyl  phthalate  to  the  New  River  is  estimated  at  95 
to  380  lb /month. 

Dlathylhaxyl  phthalate  is  seldom  used  by  Radford.  Only  22,000  lb. 
of  this  chemical  has  been  formulated  into  propellants  over  the  last  ip  years 

The  phthalate  esters  are  widely  used  throughout  the  civilian 
community.  Over  1,043  million  lb  of  phthalata  asters  ware  produced  in  the 
United  States  in  1976.  The  1976  production  of  the  individual  eetera  was 

- dlethylhexyl  phthalate  296.7  million  lb 

- dlbutyl  phthalata  13.7  million  lb 

- diethyl  phthalate  16.1  million  lb 

Each  of  these  esters  is  used  as  a plasticizer  for  different  materials. 
Dlethylhexyl  phthalata  is  used  in  PVC  plastic;  dlbutyl  phthalate  in  nitro- 
cellulose and  polyvinyl  acetate  emulsions  and  diethyl  phthalate  in  cellulose 
acetate  plastics. 

The  acute  toxicity  of  the  phthalate  esters  to  mammals  is  low  with 
LD50's  ranging  from  1 to  8 g/kg.  Some  subtle  biochemical  changes  are  ob- 
served in  mammals  exposed  to  phthalate  esters  over  long  periods  of  time. 

The  asters  have  bean  shown  to  be  noncar clnogenic.  However,  they  have  muta- 
tanic  and  teratogenic  potential  in  high  doses. 

The  phthalate  esters  are  widespread  throughout  the  environment. 
They  are  found  in  river  and  ocean  water,  sediment  and  biota.  Dlethylhexyl 
phthalate  la  the  most  abundant  of  the  phthalate  esters  in  the  environment. 
The  phthalate  esters  are  fairly  toxic  to  aquatic  organisms  with  96  hour 
LC50s  in  the  low  ppm.  Some  bioaccumulation  of  these  compounds  occurs;  how- 
ever, they  are  actively  metabolised  by  most  organisms.  Microorganism 
degradation  of  diethyl-  and  dibutyl-  phthalate  occurs  rapidly  under  aerobic 
conditions.  Degradation  of  dlathylhaxyl  phthalata  is  slow. 
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From  the  information  evaluated  during  thle  etudy,  it  is  concluded 
that  the  phthalate  esters  are  not  military  unique  chemicals.  Dibutyl  phtha- 
late  appears  to  be  the  most  widely  used  phthalate  ester  by  the  military.  At 
current  propellant  production  rates,  the  military  use  of  this  chemical  is 
only  a small  percentage  of  the  civilian  production.  However,  if  all  four 
propellant  plants  were  operating  at  full  mobilisation  levels,  military  use 
of  dibutyl  phthalate  could  be  as  high  as  73%  of  the  1976  civilian  production 
of  this  chamcial.  Dibutyl  phthalate  discharges  would  be  as  high  as  4160  lb/ 
month  from  Radford  AAP  at  full  mobilization.  At  this  discharge  level,  this 
chemical  would  ba  toxic  to  aquatic  life.  Further  evaluation  of  the  environ- 
mental fate  of  dibutyl  phthalate  by  the  Army  may  be  warranted.  However,  the 
proposed  blotreatmant  facility  should  adequately  remove  this  compound  from 
Radford's  effluents.  Thus,  this  chemical  should  be  a low  priority  for  fur- 
ther study. 

Diethyl  phthalate  is  not  used  or  discharged  in  amounts  harmful  to 
the  environment.  It  is  also  a relatively  low  use  chamcial  in  propellant 
manufacture.  Based  on  these  facts  and  the  ease  with  which  diethyl  phthalate 
is  biodegraded,  this  chemical  should  be  a low  priority  for  further  study. 


The  Army's  utilization  of  diethylhexyl  phthalate  is  insignificant 
when  compared  to  that  of  the  civilian  cotmnunity.  Therefore,  diethylhexyl 
phthalate  should  be  a low  priority  chemical  for  further  study  by  the  Army. 
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FOREWORD 


This  report  details  the  results  of  a preliminary  problem  definition 
study  on  phthalate  esters.  The  purpose  of  this  study  was  to  determine  the 
Army's  response Mlity  for  conducting  further  research  on  phthalate  vatere  in 
order  to  determine  Its  toxicological  and  environmental  hazards  so  that 
effluent  standards  can  be  recommended.  In  order  to  determine  the  Army's  re- 
sponsibility for  further  work  on  phthalate  esters. the  military  and  civilian 
usage  and  pollution  of  thin  chemical  were  evaluated.  In  addition,  a pre- 
liminary overview  of  toxicological  and  environmental  hazards  was  conducted. 

Phthalate  esters  was  only  one  of  the  48  chemicals  evaluated  under  Phase 
IA  of  contract  No.  DAMD17-77-C-7057.  These  chemicals  are  grouped  in  four 
categories 


- explosives  related  chemicals 

- propellant  related  chemicals 

- pyrotechnic* 

- primers  and  tracers 

Each  category  is  a major  report.  Section  1 of  each  report  is  an  overview  of 
the  military  processes  which  use  each  chemical  and  the  pollution  resulting 
from  the  use  of  these  chemicals.  The  problem  definition  study  reports  on 
each  chemical  are  separable  sections  of  these  four  reports. 

In  addition,  a general  methodology  report  was  also  prepared.  This  report 
describes  the  search  strategy  and  evaluation  methodology  utilized  for  this 
study. 
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PHTHALATE  ESTERS 


A.  Introduction 


The  Army  used  several  phthalate  esters  as  plasticizers  in  the  manu- 
facture of  propellants  and  other  products.  Dlbutyl-  and  diethy1  phthalate 
are  consistently  used  in  relatively  large  volumes.  Dlethyhexyl  phthalate 
is  also  used  by  the  Army  on  occasion. 

B.  Alternate  Names 

The  phthalate  esters  of  concern  to  the  Army  are  the  diesters  of 
o-phthalic  acid  having  the  following  general  structure  formula 


OR 

OR 


where  R ■ ethyl  - CHj-CHj 

butyl-  <CH,)-CH, 

i i i CH2-CH3 

ethylliaxyl  - OHj-Ch-CGHj^-CHj 

The  pertinent  alternate  names  for  these  compounds  are  listed  below! 


Diethyl  phthalate 
Molecular  Formula! 
Molecular  Weight; 

CAS  Registry  No.! 

CA  Name  (9CI)l 

CA  Name  (8C1) : 

Wiaweuser  Line  Notation! 
Synonyms! 


Dlbutyl  phthalate 
Molecular  Formulas 
Molecular  Weight! 


C12H14°4 
222.24  g/mole 

84-66-2 

1,2-benzensdlcarboxylic  acid,  diethyl 

eater 

Phthallc  acid,  diethyl  aster 
20VR  BV02 

Anozol;  o-benzenodicarboxylic  acid, 
diethyl  ester;  Diethyl  phthalate; 

Ethyl  phthalate;  Nsantine;  Palatinol  A; 
Phthalol;  Placidol  E;  Solvanol; 

Unimoll  DA 


c16h22°4 

278.35 
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CAS  Registry  No.; 

CA  Name  ( 9CI ) s 

CA  Name  (SCI) : 

Wisweaser  Line  Notation: 


84-74-2 

1 , 2-benzenedicarboxylic  acid,  dibutyl 
ester 

Phthalic  acid,  dibutyl  eater 
40VR  BV04 


Synonyms:  Butyl  phthalate;  Celluflsx  DPB:  Dibutyl 

phthalate;  Elaol;  Genoplast;  Hexaplaa 
M/B;  n-butyl  phthalate j Palatinol  C j 
Polycisar  DBP:  PX  104;  Staflax  DBP: 
Unimoll  DB:  Witcizer  300 


Diethyhaxylphthalate 
Molecular  Formula: 

Molecular  Weight: 

CAS  Registry  No.: 

Replaces  CAS  Registry  Nos.: 


c24h38°4 

390.36 

117-81-7 

8033-53-2}  40120-69-2;  50885-87-3 


CA  Name  (9CI): 

CA  Nama  (8CI): 

Wisweaser  Line  Notation: 


1,2-bansanadicarboxylic  acid, 
bis(2-ethylhexyl)  aster 

Phthalic  acid,  bis(2-ethylhexyl)  eater 

4Y2&10V  2 BR 


Synonyms : bie(2-athylhexyl)-l,2-benzunadicarboxy- 

late;  bie(2-ethylhexyl)  phthalata; 

Biaoflex  81;  Compound  88  ■ DEHP:  Di- 
(ethylhsxyl)  phthalate;  Ui-(2-ethylhexyl)- 
phthalate;  Diethylhexyl  phthalate; 

Dioctyl  phthalate;  DOP:  Ethylhexyl 
phthalate;  2-ethylhexyl  phthalate;  Flexi- 
mel;  Flexol  DOP;  Kodaflex;  Octoll;  Octyl 
phthalate;  Palatinol  AH:  Phthalic  acid 
dioctyl  aster;  Pittsburgh  PX-138;  Sicol 
150;  Staflax  DOP:  Truflex  DOP:  Vestinol 
AH:  Witcizer  312 


C.  Physical  Properties 

The  physical  properties  of  diethyl-,  dibutyl-  and  diethylhexyl  phthalate 
are  presented  in  Table  VII-1. 


The  infrared  spectra  of  diethyl-  (DEP) , and  dibutyl  phthalate  (DBP)  and 
dioctyl  or  diethylhexylphthalate  (DEHP)  are  shown  in  Figure  VII-1,  There  is 
some  confusion  in  the  literature  on  the  infrared  spectra  of  diethylhexyl- 
phthalate. The  older  literature  uses  the  names  dioctyly'nthalata  end  diethyl- 
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References:  Hawley,  1977;  Eastnan  Chemical  Products,  Inc.,  1976;  W.  R.  Grace  & Co.;  Peakall,  1975 
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hexyl  phthalate  interchangeably . CRC  (1974)  liata  two  infrared  apectra,  the 
one  shown  in  Figure  VIX-1  and  the  following: 

Abaorption  banda  at 

3070,  3020,  2930,  2890,  2860,  2720,  2580,  1720,  1590,  1570,  1480, 

1440,  1380,  1260,  1150,  1110,  1030,  950,  880,  850,  820,  750,  640, 

390,  230  cm"1 

The  latter  spectra  la  probably  the  correct  one, 

The  ultraviolet  apectra  of  diethylphthalate  in  methanol  has  two  abaorp- 
tion bands.  The  wavelengths  of  abaorption  maxima  are  274  and  225  nm  with 
molar  absorptivity  coefficients  of  1270  and  8310  respectively  (CRC,  1974). 
The  ultraviolet  spectra  of  dibutyl  phthalate  in  methanol  is  similar  (CRC, 
1974): 


Xmax  ■ 274  nm,  c ■ 1230 
Xmax  * 225  nm,  * ■ 7960 


D.  Chemical  Properties 

1.  General  Reactions 

Pyrolysis  of  DBP  via  distillation  yields  phthallc  anhydride  and 
equivalent  amounts  of  butene  and  butanol. 

0 

II 


COOBu 

COOBu 


+ h2c-chch2ch3 


+ H3CCH2CH2CH20H 


The  presence  of  acids  or  PVC  catalyse  the  thermal  degradation  of  phthalate 
esters.  Heating  of  DEHP  at  170*C  for  40  hours  in  the  presence  of  H2S0^  or 
PVC  yields  phthallc  anhydrids  and  3-methylheptene  and  its  isomerisation 
products.  No  alcohol  was  found.  Isobutsne,  butene,  and  propylene  were 
formed  from  pyrolysis  of  dibutyl  phthalate  at  730*C  with  a hot  wire 
(Fiahbein  and  Albro,  1972). 

Phthalate  esters  are  easily  converted  into  a bicyclic  ring 
system.  Reaction  with  an  "activated"  methyl  group  gives  a non-isolable 
first  formed  product. 


O COOEt 

+ CH3COR 

COOEt 


Gb  fl 

C-CH2-C-R 

COOEt 


4 

I 

H 

l 


) 


! i 

i : 


■I..--..--.  -•■•i-t-r  j AiLesiMUlii 
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The  methyl  group  acta  aa  a nuclaophlla  bacauaa  It  la  adjacent  to  the 
carbonyl  function.  It  is  aald  to  be  'activated'.  In  the  product  formed, 
the  methylene  carbon  la  adjacent  to  both  ita  original  carbonyl  and  a phtha- 
late  carbonyl.  It  la  now  doubly  activated.  Under  the  reaction  conditiona, 
thia  product  will  behave  aa  a atrongar  nucleophile  than  the  atarting 
materials.  Nucleophilic  substitution  will  occur  at  the  remaining  ester 
function, 


Carboxylate  substituents  on  an  aromatic  ring  decrease  the  ring's 
susceptibility  toward  electrophilic  substitution.  Substitution  on  the 
phthalata  ring  would  be  difficult  and  slow,  but  would  occur  at  the  A position, 


2 . Environmental  Reactions 

Hydrolysis  of  sstsrs  is  readily  catalysed  by  either  acid  or 
bases,  Phthalate  esters  are  hydrolysed  to  phthalic  acid  (or  phthalata  anion 
in  base)  rather  than  the  monoester.  The  rate  of  hydrolysis  of  the  monoaster 
is  greatly  enhanced  over  the  dlester  by  the  presence  of  the  free  acid  function. 
This  rate  enhancement  is  sesn  in  ths  hydrolysis  of  other  derivatives  of 
phthalic  acid.  For  example,  ths  rate  of  hydrolysis  of  phthalamide  is  105 
times  faster  than  the  hydrolysis  of  banxamlde  (March,  1968) . 


aCOOH 

conh2 

phuhalamido 


j^jCONH2 

beizamide 
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3.  Sampling  and  Analysis 

Many  sampling  and  analysis  procedures  hava  baan  proposed  for  de- 
tarmination  of  tha  phthalata  astars  in  air,  water,  blood  and  tissue  samples, 
Thin  layer  chromatography  la  often  employed  to  separata  and  identify  the 
phthalata  astara,  Methylene  chloride  or  ethyl  ether  extracta  of  samples  of 
phthalata  esters  can  be  separated  and  Identified  by  chromatographing  on  a 
Silica  Gel  plate.  Development  is  accomplished  by  SbCl5  in  chloroform  or 
resorclnol-ZnCl2-H2S04  reagent  (Fishbein  and  Albro,  1972). 

Phthalatas  in  air  have  bean  collected  on  a deactivated  Florlsil 
column.  The  column  is  eluted  with  petroleum  ether,  then  ethyl  ether.  The 
ether  sample  is  than  quantitated  using  a gas  chromatograph  with  an  electron 
capture  detector  and  a column  containing  3Z  SB-30  on  the  appropriate 
support.  Low  levels  (ng/m3)  of  phthalata  esters  in  air  are  detectable  with 
this  procedure  (Glam  at  al,  , 1975). 

A similar  procedure  can  ba  used  to  determine  phthalata  esters  in 
sea  water.  Background  levels  as  low  as  25  ng  of  DBP  and  50  ng  of  DEHP  can 
be  obtained  if  proper  precautions  are  observed. 


High  performance  liquid  chromatography  has  also  been  used  to 
determine  phthalata  esters,  Hexane  extracts  era  chromatographed.  Detection 
is  accomplished  with  an  ultraviolet  absorber  detector  at  224  nm.  The 
absolute  detector  limit  is  2 ng  of  DEHP  (Mori,  1976). 

Another  method  which  has  been  used  to  some  extent  is  derivatiza- 
tion.  In  this  procedure  the  ester  is  hydrolyzed  and  the  acid  reacted  with 
2-chloroethylaraine  hydrochloride  to  yield  N-(2-chloroathyl)phthalimide,  The 
phthalimida  extract  la  then  quantitated  by  gas  chromatography  with  an 
electron  captive  detector  (Glam  at  al, , 1976). 

Analysis  of  phthalata  esters  is  a difficult  task  due  to  the  extra 
precautions  which  must  be  taken  to  prevent  contamination.  Contamination  can 
occur  from  a variety  of  sources  including  solvents,  glassware  and  filter 
paper. 

E.  Uses  of  Phthalata  Esters  in  Army  Munitions 
1.  Purpose 

Phthalata  esters  are  used  as  plasticizers  in  propellant  formula- 
tions, The  most  commonly  used  phthalata  esters  ere  DEP  and  DBP.  These 
chemicals  are  used  at  all  facilities  which  manufacture  propellants t Badger 
AAP,  Radford  AAP  and  Indiana  AAP.  In  addition,  DEHP  is  sometimes  used  at 
Radford  AAP,  though  not  in  current  operationa. 
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The  formulations  using  phthalate  esters  are  listed  below: 


Formulation 

Ester  Used 

M-l 

dibutyl 

M-6 

dlbutyl 

M-64-2 

dibutyl 

M-8 

diethyl 

N J 

diethyl 

X Esters  in  Formulation 

5.0±1.0 

3.011.0 

3.011.0 

3.011.5 

10.5 


These  formulations  include  single  and  double  base  propellants  made  by  both 
solvent  and  solventlees  processes. 

In  addition  to  their  plasticising  function,  phthalate  asters  also 
reduce  the  propellant  burning  rate  in  proportion  to  their  concentration. 
This  action  reduces  flash  when  the  propellant  is  ignited.  Phthalate  esters 
also  act  as  waterproofing  agents. 

2.  Quantities  Used 

a.  Historical  Uae 

Dlbutyl  phthalate  le  the  largest  volume  propellant  additive 
used,  with  an  average  of  2.54  million  lb/yaar  used  at  Radford  AAP  over  the 
period  1968-1977.  About  95X  of  this  quantity  was  used  in  the  M-l  formula- 
tion. 


Diethyl  phthalate  is  used  only  in  tha  solventless  double  base 
formulations  M-8  and  N-5,  The  average  amount  used  during  1968-1977  was 
171,500  lb/yaar.  Over  half  this  amount  was  used  in  1968  alone,  with  very 
little  used  during  1970-1974.  A total  of  22,000  lb  of  DEHP  was  purchased 
by  Radford  AAP  in  the  years  1968-1977.  This  amount  was  purchased  and  used 
in  three  years — 1968,  1972  and  1973.  Tha  apecific  amounts  of  phthalate  as- 
ters procasaed  by  Radford  AAP  during  the  1968-1977  period  are  ahown  in  Table 
V1I-2. 


b.  Current  Use 

During  1977,  Radford  AAP  used  DEP  at  an  average  rate  of  19,000 
lb/month.  Based  upon  December  1977  production  rates  of  M-6  and  N-5  propel- 
lants, 15,000  lb  of  DEP  wars  used  during  that  month,  or  79X  of  the  average 

uee  rate. 


The  average  amount  of  DBP  used  in  1977  was  28,700  lb/month. 
During  December  1977,  817,000  lb  of  M-l  propellant  was  produced  accounting 
for  some  41,000  lb  of  DBP,  or  about  143X  of  the  average  use  rate. 
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Table  VII-2. 


Historical  Purchaaaa  of  tha  Phthalate  Eaters 
at  Radford  AAP  (Watts,  1978) 


Year 

Diathvl  ohthalate 

Dibutvl  ohthalate 

Diathvlhexvl  i 

1968 

987,100 

5,376,890 

6,300 

1969 

282,500 

3,854,218 

0 

1970 

6,000 

2,570,860 

0 

1971 

0 

2,377,790 

0 

1972 

0 

2,538,160 

6,300 

1973 

0 

2,700,010 

9,450 

1974 

6,000 

3,727,418 

0 

1975 

63,880 

1,425,700 

0 

1976 

133,360 

434,000 

0 

1977 

236,580 

349,800 

0 
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None  of  the  other  phthalate  esters,  dioctyl,  dipropyl  or 
diethylhexyl  are  in  use  At  the  present  time.  DEHP  is  used  to  produce  singJe 
base  casting  propellants.  The  others  are  specified  in  formulations  for 
which  there  is  very  little  demand,  and  thus  they  are  rarely  used. 

c.  Use  at  Full  Mobilization 

The  current  use  rate  of  DEP,  i.a.,  19,000  lb/month,  la  essen- 
tially the  sens  as  the  full  mobilisation  use  rate.  However,  DBP  use  would 
increase  from  the  current  28,700  lb/aonth  to  about  208,000  lb/month  if  full 
mobilisation  were  required.  During  1968  and  1969,  the  mobilisation  schedules 
required  use  of  more  phthalate  esters  than  the  current  mobilisation  plan. 
This  accounts  for  the  purchases  of  these  materials  during  those  years  at 
above  the  current  full  mobilisation  rate. 

3.  Documented  or  Speculated  Occurrences  in  Air  or  Water 

DBP  has  been  measured  in  the  effluents  from  the  "water  dry"  pro- 
cess (Glennon,  1977).  The  indicated  loss  was  15  to  45  lb/month  of  DBP.  This 
single  source  does  not  represent  total  losses,  however.  Effluents  contain- 
ing phthalate  esters  could  be  generated  from  any  or  all  of  the  following 
sources: 

1.  Preparation  operations  including  weighing,  grinding  or 
classification.  Dust  or  particulates  are  collaotsd  in 
wet  scrubberu,  from  which  both  solid  wastes  and  contami- 
nated effluents  may  be  generated. 

2.  Residues  from  washdown  operations  generate  effluents  which 
are  filtered  and  discharged.  Collected  solids  are  trans- 
ported to  the  burning  grounds, 

3.  Process  water  from  manufacture  of  propellants  by  the  solvent 
process.  These  effluents  appear  in  the  C-llne  waste  water 
stream,  the  48  inch  general  purposa  sewer  and  the  solvent 
recovery  area  discharges, 

4.  Process  wastes  from  solventless  propellant  manufacture, 

Thasa  effluents  appear  in  the  rolled  powder  area  waste 

screams, 

It  is  estimated  that  1-41  of  the  phthalate  esters  processed  are 
lost  to  waste  streams  (Dickensen,  1978).  This  amount  would  represent  a to- 
tal of  290  to  1150  lb/month  of  the  dlbutyl  esters.  At  full  mobilization, 
the  loss  of  dibutyl  phthalate  would  increase  to  2080  to  6320  lb/month.  The 
full  mobilization  losses  of  DEP  would  be  similar  to  currant  values  of  190- 
760  lb/month, 

Phthalate  esters  are  sparingly  soluble  in  water.  Thus,  some  of 
the  material  lost  may  be  recovered  from  solids  collected  on  effluent  filters. 
It  is  probable  that  some  phthalate  eaters  leach  out  of  the  solids.  Other 
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sources  of  loss  occur  from  preparation  operations  before  the  phthalate  esters 
are  combined  with  other  propellant  ingredients.  Thus,  it  la  estimated  that 
1/2  of  the  total  loss  of  phthalate  esters  ultimately  appears  in  plant  efflu- 
ents. 


F,  Uses  of  the  Phthalate  Esters  in  the  Civilian  Community 
1.  Production  Methodology 

Phthalate  esters  are  prepared  from  phthalic  anhydride  and  two 
equivalents  of  the  appropriate  alcohol!  as  shown  in  Figure  VII-2.  The 
esterification  is  catalyzed  by  acid. 


0 


The  process  is  essentially  the  same  for  the  different  esters.  The  methodo- 
logy is  slightly  altered  to  compensate  for  differences  In  the  physical 
properties  of  the  various  alcohols.  Production  of  DBP  is  typical  of  the 
phthalate  esters,  n-butanol  und  phthalic  anhydride,  in  a 2.5tl  molar  ratio, 
are  charged  into  a reactor.  A small  amount  (1 7.  of  total  reaction  mixture) 
of  concentrated  sulfuric  acid  is  added  as  a catalyst.  Tolulane  sulfonic 
acid  may  be  substituted  as  the  catalyst.  The  reactor  is  heated  to  approxi- 
mately 200'C  so  that  the  water sbutanol  azeotrope  distilling  at  92*C  comes 
off  the  column  head.  Upon  cooling,  this  distillate  separates  into  two 
layers.  The  aqueous  layer  is  sant  to  recovery  followed  by  disposal.  The 
alcohol  layer  is  returned  to  the  column.  When  the  maximum  amount  of  water 
has  been  removed,  the  crude  DB?  is  transferred  to  a vacuum  column  where 
volatile  impurities  are  removed.  Further  purification  can  be  achieved  by 
decolorizing  with  activated  charcoal.  Yields  are  90%  based  on  anhydride 
used.  The  purity  is  reported  at  99%. 

The  process  is  similar  for  the  ethyl,  propyl,  n-octyl,  and 
2-ethylhexyl  esters.  In  DEP  production,  benzene  is  introduced  to  the 
column  to  reduce  the  partial  pressure  of  the  alcohol.  Water  is  removed 
as  the  ternary  water sbenzene: ethanol  azeotrope  (Lowenheim  and  Moran,  1975). 


2,  Manufacturers,  Production,  and  Capacity 

The  manufacturers  and  plant  sites  of  n-butyl,  ethyl,  and  ethylhexyl 
phthalate  diesters  are  listed  in  Table  VII-3. 
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Table  VII-3.  Manufacturers  of  Phthalate  Esters  (S.R.I.,  1977) 


pi-n-bucvl  ahthalsta 
tutun  Kodak,  Co. 

Eastoan  Chon.  Products,  Inc.,  subsid. 
Tannesaee  tistosn  Co. 

W,  K.  Cries  i Co, 

Hsteo  Group 
Hateo  Chta.  Slv. 

Ths  C.  P.  Kill  Co. 

T.nternat'l  Mlnarals  & Chen.  Corp. 

IHC  Chsa.  Group,  Inc,,  subs id. 

Filter  Inc. 

Chsas,  Dlv. 

Ralchhold  Chsns.,  Inc. 

Richardsovi-Merrell , Inc. 

J,  T.  Baker  Chao.  Co.,  subsid. 

Ths  Shervin-Willians  Cc. 

Chaos.  Group 
Chaos.  Dlv. 

Union  Camp  Corp 
Chao.  Products  Dlv. 

United  Btataa  Steal  Corp. 

USS  Chaos,,  dlv, 

Dlatb.yl  phthalata 
Eastman  Kodak  Co. 

Eastman  Chao.  Products,  Inc.,  subsid. 
Tennessee  Eastoan  Co. 

Kay-Prles  Chaos.  Inc. 

Monsanto  Co, 

Monsanto  Chan.  Intermediates  Co. 

Fflser  Inc. 

Chams.  Dlv. 

DIOe-athylhsxvl)  phthalata 

BASF  Wyandotte  Corp. 

Colora  and  Internadiates  Croup 
Colors  and  Auxiliaries  Dlv. 
Intermediates  Dlv, 

Eastman  Kodak  Co. 

Eastman  Chen.  Products,  Inc.,  subsid. 
Tennessee  Eastman  Co. 

The  B.  F.  Gi-odrieh  Co. 

B.  F.  Ooodrich  Chen.  Co.,  dlv. 

W.  R,  Grace  A Co. 

Hatco  Croup 

riatco  Cham.  Dlv. 

Monsanto  Co. 

Monsanto  Indust.  Chens.  Co. 

Filler  Inu. 

Chens.  Dlv. 

Relchhold  Chens.,  Inc. 

Teknor  Apex  Co. 

United  States  Steal  Corp, 

USS  Chens.,  dlv. 


Klnfsport,  Term. 

Porda,  M.  J. 
Chleafo,  111. 

Terre  Haute,  Ind. 

Greensboro,  N.  C. 
Carteret,  N.  J. 

PhilllpsburE,  N.  J. 

Chicago,  111. 

Dover,  Ohio 
Neville  Island,  Pa. 

Klnsaport,  Tenn. 
Stony  Point,  N.  V. 

St.  Louis,  Mo, 

Greenaboro,  N.  C. 


Kearny,  N.  J. 
Kearny,  N.  J. 


Klnsaport,  Tenn. 
Avon  Lake,  Ohio 


Fords,  N.  J. 

Texas  City,  Tax. 

Greensboro,  N.  C. 
Carteret,  N.  J. 
Hebronville,  Maes. 

Neville  Island,  Pa. 
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Table  VII-4  contains  production  statistics  for  the  phthalate  esters 
In  the  U.S,  since  1968  and  Table  VII- 5 presents  the  amount  of  the  individual 
phthalate  esters  produced. 


Table  VII-4.  Production1  and  Sales  of  the  Phthalate  Esters 
(U.S.  Tarrlff  Commission). 


68 

69 

70 

71 

72 

73 

74 

75 

76 

Quantity  produced 

841 

884 

855 

978 

1,146 

1,203 

1,207 

904 

1,043 

Quantity  sold 

785 

821 

815 

938 

1,138 

1,135 

1,124 

921 

987 

J-ln  million  pounds 


Table  VII-5.  Production1  of  Selected  Phthalate  Esters 
(U.S.  Tarriff  Commission). 


Phthalate  seter 

72 

di-ethylhaxyl 

435.0 

di-butyl 

29.1 

di-athyl 

19.0 

in  million  pounds 

73 

74 

75 

76 

378.1 

389.7 

302.5 

296.7 

37.9 

35.5 

12.3 

13.7 

19.5 

19.7 

11.7 

16.1 

Individual  plant  capacities  are  unavailable.  Due  to  the  similari- 
ties  of  processes,  manufacturers  who  produce  more  than  one  Hater  possess  a 
total  phthalate  ester  production  capacity  which  can  be  split  between  differ- 
ent esters  depending  on  current  demand. 

3.  Usage 

Approximately  95%  of  all  phthalate  eaters  produced  in  the  U.S.  are 
employed  as  plasticizers,  The  other  5%  is  used  in  a variety  of  non-plastl- 
clzed  products. 

Phthalate  esters  as  plasticizers  are  found  in  the  construction 
induetry,  home  furnishings,  the  automobile  industry,  synthetic  apparel,  food 
packaging,  and  medical  products.  The  parent  alcohols  impart  varying  proper- 
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ties  to  the  different  phthalates  making  some  more  suitable  than  others  for 
individual  resin  systems, 

DEHP , the  most  widely  used  phthalate  ester,  is  used  exclusively  as 
a plasticizer,  Recognized  as  the  best  all  purposed  PVC  plasticizer,  it  is 
found  in  most  PVC  products,  It  is  also  used  as  a plasticizer  in  nitro- 
cellulose lacquers,  cellulose  acetate-butyrate,  ethyl  cellulose,  and  natural 
and  synthetic  rubbers. 

DBP  io  the  standard  plasticizer  for  nitrocellulose  and  polyvinyl 
acetate  emulsione.  It  is  also  used  in  poly (methyl  methacrylate)  molding  com- 
pounds, phenolic  resins,  and  with  DEHP  end  DOP  in  PVC's,  DBP  ia  used  as  a 
solvent  for  printing  ink  vehicles,  insecticides,  and  oil-soluble  vat  dyes. 

It  is  also  used  in  manufacture  of  artificial  leather,  as  a fixative  for 
perfumes,  and  in  anti-foam  agents  (Lowanheim  and  Moran,  1975). 

DEP  is  almost  exclusively  used  in  cellulose  acetate  plastics. 

DEP  is  the  preferred  plasticizer  for  non-toxic  food  packaging  film  (W.  R. 
Grace  Co.) . 


4,  Future  Trends 

The  market  for  PVC  resins  is  increasing  and  subsequently  future 
use  of  phthalate  esters  should  increase  accordingly.  An  average  growth  rate 
of  7%  has  been  predicted  (Anderson,  1977). 

5.  Documented  or  Speculated  Occurrences  in  the  Environment 

The  presence  of  phthalate  esters  in  the  environment  has  been  well 
documented.  They  have  been  Identified  in  the  Escambia  Bay  and  the  Missis-  - 
sippi  River  delta  (Corcoran,  1973),  in  the  Charles  River  (Hitea,  1973)  in  the 
ppb  range,  in  a Lake  Superior  bay  (Stalling  9t  al. , 1973),  in  the  North 
Atlantic  and  in  water,  sediment,  air  and  biota  samples  from  the  Gulf  of 
Mexico  (Giam  et  al. , 1978).  Some  researchers  hove  questioned  the  origin  of 
the  phthalate  esters,  suggesting  they  are  either  natural  products  or  arti- 
facts of  sample  handling  and  analytical  techniques.  The  latter  argument  is 
valid  and  prevention  of  artifactual  contamination  of  samples  is  a major 
difficulty  in  phthalate  ester  analysis.  But  there  is  little  doubt  that 
industrial  phthalates  are  now  widespread  environmental  contaminants 
(Mathur,  1974), 

G.  Comparison  of  Civilian  and  Military  Uses  of  the  Phthalate  Esters 

At  1976  production  rates,  Radford  AAP  used  133,360  lb/yr  DEP  and  434,000 
lb/yr  DBP.  This  usage  amounted  to  0.8%  and  3 . 2%  of  the  DEP  and  DBP  civilian 
production.  At  full  mobilization,  Radford  AAP  would  use  ^228, 000  lb/yr  DEP 
and  2,496,000  lb/yr  of  DBP,  Radford  AAP'b  use  would  represent  1.47,  and  18.2% 
of  the  1976  civilian  production. 

No  data  was  available  on  historical  or  mobilization  usage  of  DEP  and 
DBP  at  Badger,  Sunflower  or  Indiana.  However,  if  these  AA?s  use  DEP  and  DBP 
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at  approximately  the  same  rate  as  Radford  AAP  at  full  mobilization,  then  the 
Army  could  use  up  to  5.6%  of  the  1976  U.S.  DEP  production.  The  munition  use 
of  DBP  could  be  as  high  as  73%  of  the  1976  production.  Thus,  at  full  mobili- 
zation,  the  Army  could  become  the  biggest  single  user  of  dibutyl  phthalate. 


H.  Toxicological  and  Environmental  Hazards 

1.  Toxicity  to  Humana 

The  toxicology  of  phthalate  esters  to  man  and  animals  has  recently 
been  the  subject  of  several  studies.  Although  the  phthalate  esters  as  a 
group  have  a low  toxicity,  the  high  amounts  used  by  industry  warrant  this  re- 
search. Also,  small  amounts  of  phthalate  eaters  have  been  found  to  leach  out 
of  PVC  transfusion  bags  in  blood  (Jaeger  and  Rubin,  1970)  and  other  solutions 
(Guess  et  al,t  1967). 

Leaching  of  DEHP  from  vinyl  plastic  transfusion  baga  has  stirred 
Interest  in  determining  levels  of  DEHP  in  human  tissues.  Wallin  et  at . 

(1974)  studied  tissue  samples  from  18  patients.  They  found  DEHP  present  in 
all  18  samples.  However,  they  found  no  correlation  between  the  DEHP  concen- 
tration and  patient's  age  or  receipt  of  blood  transfusion.  Napier  (1976) 
studied  43  patients  and  found  only  58%  of  the  tissue  samples  contained  DEHP. 
He  found  27%  of  the  tissues  from  transfused  patients  contained  DEHP  while  only 
11.6%  of  the  non-transfused  patients  contained  DEHP.  The  half-life  of  DEHP 
in  six  male  patients  ranged  from  14.6-41.8  minutes,  with  a mean  of  28  minutes 
(Rubin  and  Schlffer,  1976). 

Some  accidental  human  poisonings  by  phthalate  eaters  have  been  re- 
ported. For  example,  an  accidental  poisoning  of  a chemical  operator  with  DBP 
was  reported  by  Cagianut  (1954).  The  man  swallowed  10  g (140  mg/kg)  of  DBP. 
He  became  nauseated,  dizzy  and  experienced  photophobia,  lacrimatlon  and  con- 
junctivitis. However,  he  quickly  recovered  from  these  effects. 

2.  Mammalian  Toxicity 

a.  Acute  and  Chronic  Toxicity 

The  acute  toxicity  of  the  phthalate  esters  to  mammals  is  pre- 
sented in  Table  VI1-6.  An  oral  dose  of  DEP  wan  the  moat  toxic  with  an  LD50 

of  1.0  g/kg.  These  data  ahow  that  DEP  and  DBP  have  a low  toxicitv.  Lawrence 
et  j.1 . (1973)  injected  mica  with  5 subacute  doses  of  DEP  or  DBP  per  week.  As 
shown  in  Table  VII-7,  they  observed  an  apparent  LD50  for  DEP  of  ^1/2  the  acute 
LD50  after  14  weeks  of  exposure.  For  DBP,  the  apparent  LD50  after  25  weeks 
of  exposure  waa  ^1/4  the  acute  LD50. 

Smith  (1953)  fed  rats  DBP  for  one  year.  He  found  no  toxic  ef- 
fects with  diets  containing  0.25%  of  DBP.  However,  half  the  rats  fed  1.25% 
DBP  died  during  the  first  week  of  the  experiment.  Nikonorow  et  al . (1973) 
found  that  1.2  g/kg/day  of  DBP  increased  the  mean  liver  weight  of  rats.  Con- 
centrations of  2.6  X 10“^M  of  DEP  and  3.9  X 10"*M  of  DBP  inhibited  nerve  fiber 
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Table  Vll-6.  Acute  Toxicity  of  Phthalate  Eaters:  LD50  in  Mammals.  < | 

t I I -1 

i i-  I i 


Compound 

Animal 

Route 

LD50 

g/kg 

Reference 

Diethylphthalata 

Mouse 

i.p. 

2.8 

Patty,  1967 

It 

Mouse 

i.p. 

2.8 

Calley  at  al,  , 1966 

It 

Mouse 

i.p. 

3.2 

Lawrence  at  al. , 1973 

tl 

Rat 

i.p. 

5.1 

Singh  at  al. , 1972 

II 

Rat 

i.p. 

5.06* 

ii 

II 

Rabbit 

Oral 

1.0 

Patty,  1967 

Dibutylphthalata 

Mouse 

i.p. 

4.0 

Calley  at  al.  , 1966 

it 

Mouse 

i.p. 

3.6 

Lawrence  at  al.  , 1973 

it 

Rat 

i.p. 

3.0 

Singh  at  al,  , 1972 

ii 

Rat 

i.p. 

3.05* 

n 

u 

Rat 

i.m. 

8.0 

Smith,  1953 

ti 

Rabbit 

Dermal 

20.0* 

Patty,  1967 

* ml/kg 
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Table  VII-7.  Subacute  Toxicity  of  Phthalate  Eaters  in  Mice 
(Lawrancc  at  al,  , 1975) 

Apparent  LD50  (ml/kg)  by  weeks 
(lntraparitoneal) 


Week  No.  Diethyl  Di-n-butvl 

(Acute  LD50)  (2,87)  (3.41) 

1 2.26  2,08 

2 2.00  1.84 

3 2.00  1,84 

4 2.00  1.84 

5 1.92  1.84 

6 1.84  3 .84 

7 . 1.77  1.77 

8 1.70  1.77 

9 1.70  1.70 

10  1.70  1.63 

11  1.57  1.45 

12  1.39  1.39 

13  1.39  1.33 

14  1.39  1.28 

15  — 1.28 

16  1.18 

17  1.18 

18  1,09 

19  1.05 

20  1.00 

21  0.93 

22  0.93 

23  0.85 

24  0.85 

25  0.85 


i 
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growth  in  rat  cerebellum  tissue  culture#  (Kasuya,  1972).  Decreeae  in  the 
activity  of  succinic  dehydrogenase  and  adenosine  triphosphatase  were  observed 
in  rats  injected  with  DEHP  ('irivastava  et  al,,  1975).  Reddy  at  al,  (1976) 
found  reductions  in  serum  cholesterol  and  triglyceride  levels  when  DEH?  wao 
fed  to  rats  at  concentrations  of  0.5!  2.0  and  4. OX  in  food. 

b.  Biochemical  Pathways 

Williams  and  Blanchfield  (1974)  found  that  almost  all  of  the 
DEHP  ingested  by  rats  was  excreted  In  the  urine  or  feces  within  48  hours. 

Only  the  adipose  tiesuo  consistently  retained  DEKP.  Tanaka  at  al.  (1975) 
observed  similar  results  as  Williams  and  Blanchfield;  however , they  also  ob- 
served four  metabolites  in  the  urine.  Williams  and  Blanchfield  (1975)  found 
80-90%  of  an  oral  dose  of  DBF  to  rats  is  excreted  in  the  urine  within  48 
hours.  They  also  identified  phthallc  acid,  menobutyl  phthalate,  mono  (3- 
hydroxylbutyl)  phthalate,  and  mono  (4-hydroxybutyl)  phthalate  as  metabolites 
in  the  urine. 

In  vitro  hydrolysis  of  DEP,  DBF  and  DEHP  was  highest  whan 
exposed  to  rat  small  intestine  contents  (Rowland  at  al.,  1977).  DBP  was 
also  reducad  more  rapidly  than  DEP  and  DEHP.  In  addition,  these  reaearchers 
identified  the  metabolites  as  the  corresponding  monoesters. 

c.  Carcinogenic,  Teratogenic  and  Mutagenic  Effecta 

Chronic  studies  have  given  no  Indication  of  any  carcinogenic 
activity  by  the  phthalate  esters  (Paakall,  1975).  Teratogenic  studies  by 
Singh  at  al.  (1972)  and  Nikonorow  at  al.  (1973)  Indicate  that  DEP,  DBP  and 
possibly  DEHP  are  teratogenic  at  high  doses.  Their  results  are  presented  in 
Table  VIt-8.  The  percentage  of  resorptions  was  increased  and  the  fetal  weight 
decreased.  An  increase  in  skeletal  abnormalities  was  also  observed. 

Using  the  dominant  lethal  assay  in  mice,  Singh  at  al,  (1974) 
found  Increased  fatal  death  with  single  injections  of  DEHP  given  at  doses  of 
12.6  to  25.6  ml/kg.  At  the  highest  dose,  decreased  numbers  of  implants  and 
living  fetuses  were  observed. 

3.  Phthalate  Esters  in  the  Aquatic  Environment 

a.  Distribution  of  the  Phthalate  Esters  in  the  Aquatic  Environment 

In  the  past  4 to  ^ years,  several  studies  have  examined  the 
toxicity  of  phthalate  eaters  to  aquatic  organisms.  However,  information  on 
the  levels  of  the  phthalate  esters  in  the  aquatic  environment  is  limited. 

Levels  of  DBP  and  DEHP  in  fish,  water  and  sediment  samples  taken  from  indus- 
trial and  rural  areas  are  shown  in  Table  VII-9.  DEPH  levels  were  higher  than 
DBP  levels  in  the  samples  collected.  The  most  noticeable  difference  between 
the  two  phthalate  esters  occurred  in  the  water  samples  where  there  wae  approxi- 
mately 100  times  more  DEHP  than  DBP.  In  addition,  the  sample  from  industrial- 
ised areas  contained  more  phthalate  esters.  Williams  (1973)  reported  phtha- 
late ester  levels  in  21  fish,  none  exceeding  200  ppb. 
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Table  VII-8.  Effects  of  Diethyl  Phthalate  and  Dibutyl 
Phthalate  on  Fatal  Development  in  Rata. 


Number  of 


Compound 

Dose 

Fetus  Weight 

Rasorptiona 

Reference 

Diethyl- 

1.686  ml/kg 

2.85* 

2 (3,6%) 

Singh  «t  at,  , 1972 

phthalate 

1.012  " 

2.85* 

0 (0) 

It 

0,506  " 

2.63* 

28  (44,4%) 

ft 

Dibutyl- 

1.017  ml/kg 

3.60* 

23  (36.5%) 

11 

phthalate 

0.610  " 

3.65* 

2 (3.6%) 

II 

0.305  " 

3.70* 

4 (7.3%) 

II 

Dibutyl- 

.120  g/kg/d 

3.36 

2 (2%) 

Nikonorow  at  ah  > 

phthalate 

.600  " 

2.92* 

22  (28%) 

1973 

11 

* Significantly  different  from  control  (P<0.05) 


\ 
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b.  Acuta  Toxicity  of  the  Phthalata  Esters  to  Aquatic  Organisms 

Mayer  and  Sanders  (1973)  studied  the  acute  toxicity  of  DBP  to 
fish  and  invertebrates  as  indicated  in  Table  VII-10,  They  performed  standard 
static  and  flow-through  tests  to  determine  an  LC50  (lethal  concentration  to 
50%  of  the  organisms)  at  24,  48  and  96  hours.  The  bluegill  was  the  moat 
sensitive  aquatic  organism  with  a 96  hour  LC50  of  0.73  ppm,  but  the  overall 
DBP  toxicity  was  low.  Bacauae  of  its  low  solubility)  the  96  hour  LC50ofDEHP 
wee  estimated  at  10  ppm  (Johnson  at  al.,  1976).  McKim  (1974),  in  a flow- 
through test  with  the  scud  ( Gamarua  faeoiatua) , found  a 9 week  LC50  of  210 
ppb  for  DEHP. 


c.  Chronic  Toxicity  of  the  Phthalata  Estere  in  Aquatic  Organisms 

Mehrls  and  Maysr  (1976)  found  that  14  ppb  of  DEHP  significantly 
increased  the  mortality  of  trout  fry.  DBP  levels  of  1-5  ppm  have  been  shown 
to  have  a depressant  effect  on  the  heartbeat  of  goldfish.  However,  DEHP  had 
no  affect  on  the  heartbeat  rate  (Pfuderer  and  Francis,  1975;  Pfudsrer  at .al,, 
1975).  Ninety  day  toxicity  studlee  (Mayer  and  Sanders,  1973)  found  DEHP 
reduced  the  reproduction  of  guppies  (Poaoilia  ratiaulat.ua)'  and  zebra  fish 
(Braohydanio  rario)  receiving  levels  between  50-100  ppm  in  their  food.* 
Sugawara  (1974)  found  that  10  ppm  of  DBP  and  61  ppm  of  DEP  significantly  re- 
duced the  hatching  of  shrimp  eggs.  Mayer  and  Sanders  (1973)  exposed  Daphnia 
magna  to  3 and  30  ppm  DEHP  for  21  days  and  found  reproduction  rates  were  re- 
duced by  60  and  83%,  respectively. 

d.  Bioaccumulation  of  the  Phthalate  Esters  in  Aquatic  Organisms 

The  bioaccumulstion  of  DEHP  and  DBP  from  water  by  aquatic 
organisms  is  shown  in  Table  VIX-11.  High  bioconcentration  of  phthalate  esters 
at  levels  less  than  1 ppb  occurred,  with  the  scud  having  the  highest  concen- 
tration factor.  Mayer  and  Sanders  (1973)  exposed  Daphnia  magna  to  0.1  ppb 
of  labeled  phthalate  in  the  water  for  7 days.  Three  days  after  the  Daphnia 
were  transferred  to  fresh  water,  50%  of  the  phthalate  remained.  In  7 days, 
only  25%  of  the  phthalate  remained  in  the  Daphnia.  Saeger  and  Tucker  (1976) 
found  that  phthalate  esters  in  aquatic  vertebrates  reached  a rapid  equilibrium 
with  a half-life  of  approximately  72  hours.  Thus,  the  phthalate  eaters  are 
quickly  removed  from  the  organism. 

e.  Metabolism  of  the  Phthalate  Esters  in  Aquatic  Organisms 

Stalling  at  al.  (1973)  studied  the  in  vivo  metabolism  of  DEHP 
in  channel  catfioh  ( latalurua  punotatua)  and  fathead  minnows  (Pimaphalaa 
promolaa) . They  also  conducted  in  vitro  metabolic  studies  with  DBP  and  DEHP 
by  channel  catfish  ansymea.  In  both  studies,  the  metabolites  were  phthallc 
acid,  monoeater  and/or  the  glucuronide  conjugate.  The  in  vitro  degradation 
by  the  catfish  ensymas  of  DBP  was  16  times  faster  than  DEHP.  Melancon  and 
Lech  (1976)  exposed  rainbow  trout  ( Salmo  gairdnari ) to  0.5  ppm  of  radioactive 
DEHP  for  24  hours.  They  found  half  of  the  radioactivity  occurred  in  the  bile 
and  that  almost  all  of  the  radioactivity  was  due  to  metabolites  of  DEHP. 

After  24  hours,  the  major  metabolite  present  was  mono-2-ethylhexyl  phthalate 
glucuronide. 
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Table  VII-10.  Acute  Toxicity  of  Dibutyl  Fhtbalate  to  Aquatic  Or 


ter  flea 

( Daphnia  magna ) 


Table  VII-1L.  Bioaccwulation  of  Phtfaalates  fro*  Hater  by  Aquatic  Organises. 


4.  Biological  Transformation  of  Phthalate  Eaters  in  the  Environment 

The  phthalate  esters  can  be  degraded  under  aerobic  conditions  in 
river  water,  sediment  and  activated  sludge.  In  river  water,  DEHP  was  par- 
tially degraded  in  2 weeks;  DBP  and  DEP  were  completely  degraded  in  4 to  10 
days  (Hattori  et  al,,  1975).  Saeger  and  Tucker  (1976)  found  DEHP  was  bio- 
degradable to  40%  of  the  original  concentration  in  river  water  5 weeks  and 
70%  degraded  over  24  hours  in  a semi-continuous  activated  sludge  system. 

Under  aerobic  conditions  in  the  sediment,  53%  of  DBP  was  degraded  within  24 
hours  and  98%  within  5 days;  DEHP,  however,  was  only  50%  degraded  in  14  days 
(Johnson  and  lulves,  1975).  Under  anaerobic  conditions  DEHP  was  not  degraded 
and  the  degradation  rate  of  DBP  was  1/6  of  the  aerobic  degradation  rate. 

Johnson  and  Lulves  proposed  that  "Phthalate  esters  are  initially 
hydrolyzed  at  the  ester  linkage  to  form  the  phthalate  acid  half-ester  and 
the  corresponding  alcohol.  We  believe  this  monoester  is  subsequently  de- 
graded, primarily  to  phthallc  acid,  by  continuous  esterase  activity  in  the 
sediment.  We  suspect  that  the  exposed  carboxyl  group  of  the  monoester  under- 
goes decarboxylation  to  form  benzene  or  salicylate  derivatives. 11  Figure 
VII-3  shows  that  moat  likely  biodegradation  pathway  in  the  presence  of  oxy- 
gen of  phthalate  esters  to  straight  carbon  chain  substances  (Gibson,  1968). 

The  release  of  phthalate  esters  from  Radford  AAP  (Randall  and  King, 
1971)  occurs  mainly  in  the  propellant  finishing  area.  Upon  release  into  the 
aquatic  system,  the  phthalate  esters  would  probably  adhere  to  suspended  par- 
ticles. The  use  of  DBP  at  Radford  AAP  is  currently  28,000  lb/mo  and  at  full 
mobilization,  approximately  208,000  lb/mo.  Since  DBP  is  rapidly  degraded  in 
the  aquatic  environment,  its  current  release  into  New  River  poses  no  long 
term  toxic  threat.  However,  at  full  mobilization,  the  system  would  probably 
be  overloaded  and  acute  stress  could  occur  to  the  organisms  present. 

The  current  usage  of  DEP  at  Radford  AAP  is  19,000  lb/mo  and  this 
level  would  not  Increase  during  full  mobilization.  DEP  is  rapidly  degraded 
in  aquatic  systems  and  poses  no  long  term  toxic  threat  to  the  organisms  pre- 
sent. DEHP  is  the  moat  persistent  of  the  phthalate  esters  in  aquatic  en- 
vironments, but  is  not  currently  used  by  Radford  AAP. 

5.  Phytotoxicity 

Apical  chlorosis  and  48%  growth  inhibition  were  induced  in  6-week 
old  Niootinianm  tabaom  by  foliar  application  of  a 2500  mg/1  solution  of 
dipropyl  phthalate.  Elodea  oanadeneia  (pondweed)  was  found  to  bioaccumulate 
DEHP  only  3.7  times  from  water  containing  10  mg/1  while  degrading  it  very 
slowly  (Metcalf  at  al ,,  1973).  n-butyl  phthalate  was  reported  by  Isogai, 
Komoda  and  Okamoto  (1972)  to  have  a growth-promoting  activity  in  rice  need- 
ling bioaesays. 

No  other  information  has  been  encountered. 
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Figure  VII-3.  Biodegradation  Pathway  for  the  Alkyl  Pbthalatee. 
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6.  Summary  of  Environmental  and  Toxicological  Hazards  of  the 
Phthalate  Ester 


The  acute  toxicity  of  the  phthalate  esters  is  low.  Chronic  ex- 
periment show  a high  "no-effect"  level.  However,  the  phthalate  eaters  have 
been  shown  to  be  teratogenic  and  mutagenic  at  high  doses.  Accumulation 
factors  in  aquatic  organisms  is  high.  Sufficient  information  is  not 
available  to  assess  environmental  risk  associated  with  these  observations. 

It  appears  that  mammals  can  rapidly  degrade  the  phthalate  esters. 
However,  the  teratogenicity  of  this  compound  and  the  possibility  of  trans- 
formation to  a more  teratogenic  compound  (e.g.  phthalidamide)  needs  to  be 
assessed. 


7.  Availability  of  Literature  for  Phase  II 

The  phthalate  esters  have  been  widely  studied.  There  is  sufficient 
toxicological  and  environmental  literature  for  a Phase  II  detailed  study. 

I.  Regulations  and  Standards 


1.  Air  and  Water  Effluent  Regulations 

A freshwater  criterion  of  3 mg/1  is  recommended  for  the  phthalate 
esters  in  order  to  protect  aquatic  life.  Even  at  this  concentration,  some 
reproductive  Impairment  was  observed  in  daphnids  (EPA,  1976) . 

The  effluent  limltationo  for  manufacture  of  phthalate  esters  has 
been  established  by  EPA.  These  effluent  guidelines  are  listed  in  Table  VII- 
12. 


Table  VII-12.  Effluent  Guidelines  for  the  Manufacture  of  Phthalate  Eaters. 
(Federal  Register,  1976) 


Effluent  Characteristics 


COD 
BOD  5 
TSS 

Total  Copper 
pH 


’ Effluent  Limitations 

Average  of  Dally  Values 
Maximum  for  for  30  Consecutive  Days 

One  Day  Shall  Not  Exceed 


lb/100  lb  of  Product 


27 

0.21 

0.038 

0.00032 


14 

0.011 

0.021 

0.00016 


Within  the  range  of  6.0  to  9.0 


The  phthalate  esters  are  listed  in  EPA's  Toxic  Substance  Control  Act  Candi- 
date List  of  Chemical  Substances.  These  esters  are  also  on  the  EPA's  list 
of  priority  pollutants.  The  environmental  effects  of  the  phthalate  asters 
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have  been  selected  as  one  of  the  first  studies  under  the  Toxic  Substances 
Control  Act  (Chemical  and  Engineering  News,  1977). 

2.  Human  Exposure  Standards 

Recommended  threshold  limit  values  for  air  exposure  to  the  phthalate 
esters  is  5 mg/m3  (Federal  Register,  1974).  This  limit  is  also  the  suggested 
values  for  diethyl  and  diethylhexyl  phthalate.  Uiethylhexyl  phthalate  is 
currently  being  tested  for  carcinogenic  potency  by  NCI  (1978). 

J.  Conclusion  and  Recommendations 

The  purpose  of  this  preliminary  definition  study  is  to  determine  the 
Army's  responsibility  for  conducting  further  research  on  the  phthalate 
esters— diethyl-,  dibutyl-  and  diethylhexyl  phthalate.  Evaluation  of  the 
available  data  on  these  compounds  has  lead  to  tha  following  conclusions: 

1.  Of  the  phthalate  esters,  dibutyl  phthalate  has  the  highest  use 
rate  by  the  Army.  This  chemical  is  also  found  at  higher  levels 
in  the  effluent  stream.  Effluent  levels  of  dibutyl  phthalate  at 
full  mobilization  are  estimated  to  be  as  high  as  4160  lb/month 
at  Radford  AAP. 

2.  Diethyl  phthalate  is  used  at  a rate  of  19,000  lb/month  at  Radford. 
This  current  usage  r*te  is  essentially  full  capacity. 

3.  Diethylhexyl  phthalate  is  used  only  occasionally  in  propellant 
manufacture. 

4.  The  mammalian  toxicity  of  these  esters  is  low. 

5.  The  phthalate  esters  are  toxic  to  aquatic  organisms  in  the  low  ppm 
range.  However,  the  ester 3 of  the  lower  alcohols  are  readily  bio- 
degradable. 

6.  At  full  mobilization,  dibutyl  phthalate  would  be  toxic  to  the  local 
ecosystems.  The  amount  of  diethyl  or  diethylhexyl  phthalate  dis- 
charged from  propellant  manufacture  is  not  high  enough  to  cause  an 
environmental  problem. 

After  evaluation  of  the  information  gathered  during  this  study,  it  is 
concluded  that  further  research  on  diethyl  and  diethylhexyl  phthalates 
should  be  a low  priority.  Further  Army-sponsored  studies  on  dibutyl  phtha- 
late are  of  questionable  value.  Sufficient  information  exists  on  the  mam- 
malian toxicity  of  these  chemicals.  However,  further  study  on  the  environ- 
mental properties  of  dibutyl  phthalate  may  be  warranted.  If  further  work  on 
dlbutyl  phthalete  is  undertaken,  it  is  recommended  that  a thorough  litera- 
ture search  and  evaluation  on  the  environmental  fate  of  this  compound  be 
conducted. 


204- 


(VII-36) 


1<.  References 


Anderson,  E.V.  (1977),  "New  Capacity  Will  Ease  Phthalic  Tightness,"  Chem . 
and  Eng.  Newe,  _8,  10/31. 

Cagianut,  B.  (1954),  Schweiz  Med.  Uoaheahr.,  84,  1243. 

Calley,  D. j Autian,  J.  and  Guess,  W.L.  (1966),  "Toxicology  of  a Series  of 
Phthalate  Esters,"  C.  Pham.  Soi.,  55.,  158.  ' 

Chemical  and  Engineering  News  (1977),  "First  Chemicals  Picked  For  Testing 
Under  TSCA,"  Oct.  24. 

Corcoran,  E.F.  (1973),  "GC  Detection  of  Phthalic  Acid  Esters,"  Env.  Health 
Perepeotitea,  13. 

CRC  (1974),  Spectral  Data  and  Physical  Properties  of  Chemical  Compounds , 2nd 

ed.,  Chemical  Rubber  Co>,  Cleveland,  Ohio. 

Dickenson,  J.W.  (1978),  P.adi-ord  AAP,  personal  communication. 

Eastman  Chemical  Products,  Inc.  (1976),  "Kodaflex  DEP-Diethyl  Phthalate," 
Tennessee,  Publication  No.  L-138A. 

EPA  (1976),  "Quality  Criteria  for  Water."  EPA,  Washington,  D.  C. 

Federal  Register  (1974),  39,  23540. 

Federal  Register  (1976),  41,  902. 

Fv.shbein,  L.  and  Albro,  P.W.  (1972),  "Chromatographic  and  Biological  Aspects 
of  the  Phthalate  Esters,"  iT,  Chromatogr. , 70,  365. 

Giam,  C.S.;  Chan,  H.S.;  Neff,  G.S.  and  Stallins,  D.S.  (1975),  "Sensitive 

Method  for  Determination  of  Phthalate  Ester  Plasticisers  in  Open- 
Ocean  Biota  Sample,"  Anal.  Chem.,  47/13),  2225. 

Giam,  C.S.;  Chan,  H.S.j  Henmargren,  T.F.j  Neff,  G.S.  and  Stalling,  D.L. 

(1976),  "Confirmation  of  Phthalate  Esters  from  Environmental  Sam- 
ples by  Derivatization,"  Anal,  Chem.,  48(1),  78. 

Giam,  C.S.;  Chan,  H.S.;  Neff,  G.S.  and  Atlas,  E.L.  (1978),  "Phthalate  Ester 
Plasticizers;  A New  Class  of  Marine  Pollutant,"  Science,  199.  419. 

Gibson,  O.T.  (1968),  "Microbial  Degradation  of  Aromatic  Compounds,"  Soienoe, 
161(3846),  1093. 

Glennon,  J.  Capt.  (1977),  Draft  Report:  "Environmental  Quality  Standards 
for  Air  and  Water  Pollutants  Associated  with  Munitions  Manufac- 
ture." 


-205- 


(VII— 37) 


Grace,  W.R.  Co.,  Technical  Information  Sheets. 

Guess,  W.L.;  Jacob,  J.  and  Autian,  J.  <1967),  "A  Study  of  Polyvinylchloride 
Blood  Bag  Assemblies.  I.  Alteration  or  Contamination  of  ACD 
Solutions,"  Drug  Intelligence,  JL,  120. 

Hartey,  W.  (1977),  "Investigation  of  the  Toxicity  of  M-l  Propellant  Dust  to 
Freshwater  Organisms,"  U.S.  Army  Environmental  Hygiene  Agency, 
Aberdeen  Proving  Ground,  MD,  Water  Quality  Biological  Study  No. 
24-0085-77. 

Hattori,  i'.j  Kuge,  Y.  and  Nakagawa,  S.  (1975),  "Microbial  Decomposition  of 
I’hthalate  Esters  in  Environmental  Water,"  Mizu  Shori  Gijuteu, 
16(10) , 951,  in  Chem  Abstracts  85:83043V. 

Hawley,  C.  G.  (1977),  The  Condensed  Chemioal  Dictionary,  9th  Edition,  Van 
Nostrand  Reinhold  Co.,  NY. 

Hites,  R. A.  (1973),  "Analysis  of  Trace  Organic  Compounds  in  New  England 
Livers,"  J.  Chromatogr.  Soi.,  11,  570. 

Isoga ‘ , Y.;  Komoda,  Y.  and  Okamota,  T.  (1972),  "Biological  Activities  of 

n-Butyl  Phthalate  and  Its  Analogous  Compounds  on  Various  Bioassays 
of  Plant  Growth  Regulators,"  Soi.  Pap.  Coll.  Gen.  Eduo.,  Univ. 
Tokyo,  22! , 129. 

Jaeger,  R.J.  and  Rubin,  R.J.  (1970),  "Contamination  of  Blood  Stored  in 
Plastic  Packs,"  lancet , II,  151. 

Johnson,  B.  and  Lulves,  W.  (1975),  "Biodegradation  of  Di-n-butyl  Phthalate 
and  Dl-2-ethylhexyl  Phthalate  in  Freshwater  Hydrosoil,"  J.  Fish, 
Res.  Board  Can.,  3,2(3),  333. 

Johnson,  B.T.;  Stalling,  D.L.;  Hogan,  J.W.  and  Schoettger,  R.A.  (1976), 
"Dynamics  of  Phthalic  Acid  Esters  in  Aquatic  Organisms,"  Adv. 
in  Envir.  Soi.  & Tech.,  8,  283. 

Kasuya,  M.  (1974),  "Toxicity  of  Phthalate  Esters  to  Nervous  Tissue  in 
Culture,"  Bull.  Environ,  Contam.  Toxicol .,  12,(2),  167. 

Lawrence,  W.H. ; Malik,  M. ; Turner,  J.E.;  Singh,  A.R.  and  Autian,  J.  (1975), 
"A  Toxicological  Investigation  of  Some  Acute,  Short-Term,  and 
Chronic  Effects  of  Administrating  Di-2-Ethylhexyl  Phthalate  (DEHP) 
and  Other  Phthalate  Esters,"  Environmental  Research,  ,9,  1. 

Lowenheim,  F.A..  and  Moran,  M.K.  (1975),  Faith,  Keyes  and  Clark's  Industrial 
Chemicals,  4th  edition,  John  Wiley  and  Sons,  New  York. 

March,  J.  (1968),  Advanoed  Organic  Chemistry:  Reactions,  Mechanisms  and 
Structure,  McGraw-Hill,  New  York. 


-206- 


(VII-38) 


m 


Mathur,  S.P.  (1974),  "Phthalate  Esters  In  the  Environment:  Pollutants  or 
Natural  Products?"  J.  Envir.  Quality,  _3»  189. 

Mayer,  F.;  Stalling,  D.  and  Johnson,  J.  (1972),  "Phthalate  EsterB  as  Environ- 
mental Contaminants,"  Nature,  208.  411. 

Mayer,  F.  and  Sanders,  H.  (1973),  "Toxicology  of  Phthalate  Eaters  in  Aquatic 
Organisms,"  Environ.  Health  Perepeo.,  _3»  153. 

McKitn,  J.  (1974),  Personal  Communications,  Environmental  Protection  Agency 
National  Water  Quality  Laboratory,  Duluth,  Minnesota. 

Mehrle,  P.  and  Mayer,  F.  (1976),  "Di-2-ethylhexyl  Phthalate:  Residue  Dynamics 
and  Biological  Effects  in  Rainbow  Trout  and  Fathead  Minnows," 

Environ.  Health,  10,  519. 

Melancon,  M.  and  Lech,  J.  (1976),  "Distribution  and  Biliary  Excretion  Pro- 
ducts of  Di-2-ethylhexyl  Phthalate  in  Rainbow  Trout,"  Drug  Metab. 

Diapoa .,  1(2),  112. 

Metcalf,  R. ; Booth,  G.?  Schuth,  C.$  Hansen,  D.  and  Lu,  P,  (1973),  "Uptake 

and  Fate  of  Di-2-ethylhexyl  Phthalate  in  Aquatic  Organisms  and  in 
a Model  Ecosystem,"  Environ.  Health  Perepeo.,  1,  27. 

Mori,  S.  (1976),  "Identification  and  Determination  of  Phthalate  EBters  in 

River  Water  by  High-Performance  Liquid  Chromatography,"  J.  Chromtogr. , 
129.  53. 

NCI  (1978) , "Chemicals  Being  Tested  for  Carcinogenicity  by  the  Bloassay 
Program,  DCCP,  NCI." 

Napier,  Edward  A.  (1976),  "Accumulation,  Toxicity  and  Metabolism  of  Common 
Plasticizers  in  Humans,"  N.T.I.S.,  PB-260  406. 

Nikonorow,  M. ; Mazur,  H.  and  Piekacz,  H.  (1973),  "Effect  of  Orally  Adminis- 
tered Plasticizers  and  Polyvinyl  Chloride  Stabilizers  in  the  Rat," 
Toxicology  and  Applied  Pharmacology,  J26,  253. 

Patty,  F.,  ed.  (1967),  Induetrial  Hygiene  and  Toxicology , U,  Interscience 
Publishers,  New  York. 

Peakall,  D.  B.  (1975),  "Phthalate  Esters:  Occurrence  and  Biological 
Effects,"  Eeeidue  Reviews,  J54.,  1. 

Pfuderer,  P.  and  Francis,  A.  (1975),  "Phthalate  Estera:  Heartrate  Depressors 
in  the  Goldfish,"  Bull.  Environ.  Contam.  Toxicol.,  13(3),  275. 

Pfuderer,  P. ; Janzen,  S.  and  Rainey  Jr.,  W.  (1975),  "Identification  of 

Phthalic  Acid  Esters  in  the  Tissues  of  Cyprinodont  Fish  and  Their 
Activity  as  Heart  Rate  Depressors,"  Environ . Rea.,  .9,  215. 


-207- 


(VII-39) 


Pouch^rt,  W.  (1970),  The  Aldrich  Library  of  Infrared  Spectra,  Aldrich 
Chemical  Co.,  Inc. 

Randall,  C.W.  and  King,  P.H.,  "Assessment  of  Treatability  of  Waste  Dis- 
charges from  RAAP,"  Virginia  Poly technical  Institute,  December 
1971. 

Reddy,  J.{  Moody,  D. , Azarnoff,  D.  and  Rao,  M.  (1976),  "Di-(2-ethylhexyl) 
Phthalate:  An  Industrial  Plaaticizer  Induces  Hypolipidema  and 
Enhances  Hepatic  Catalose  and  Carnitine  Actyltranafarase  Activities 
in  Rats  and  Mice,"  Life  Science,  18,,  941. 

Rowland,  I.;  Cottrell,  R.  and  Phillips,  J.  (1977),  "Hydrolysis  of  Phthalate 
Esters  by  the  Gastro-Inteatinal  Contents  of  the  Rat,"  Fd.  Coemet . 
Toseiool .,  15,  17. 

Rubin,  R.  and  Schiffer,  C.  (1976),  "Fate  in  Humane  of  the  Plaaticizer,  Di-2- 
ethylhexyl  Phthalate,  Arising  from  Transfusion  of  Platelets  Stored 
in  Vinyl  Plastic  Bags,"  Trane fusion,  16(4),  330. 

Saeger,  V.  and  Tucker,  E.  (1976),  "Biodegradation  of  Phthalic  Acid  Esters 

in  River  Water  and  Activated  Sludge,"  Appl.  Environ.  Micro . , 31(1), 
29. 

Sanders,  H. j Mayer,  F.  and  Walsh,  D.  (1973),  "Toxicity  Residues  Dynamics 

Reproductive  Effects  of  Phthalate  Esters  it)  Aquatic  Invertebrates," 
Environ.  Rea,,  6,  84. 

Singh,  A.R.;  Lawrence,  W.H.  and  Autian,  J.  (1972),  "Teratogenicity  of  Phtha- 
late Esters  in  Rats,"  J.  of  Pham.  Soienoee , 61(1) , 51. 

Singh,  A.R.;  Lawrence,  W.H.  and  Autian,  J.  (1974),  "Maternal-Fetal  Transfer 

of  14c-Di-2ethylhexyl  Phthalate  and  l^C-Diethyl  Phthalate  in  Rats," 
J.  of  Pharm.  Soienoee,  64.(8),  1347. 

Smith,  C.  (1953),  "Toxicity  of  Butyl  Stearate,  Dibutyl  Sebacate,  Dibutyl 

Phthalate  and  Methoxene  Cleate,"  Arah.  Ind.  Hyy.  Oaa,  Med.,  ]_,  310. 

Srivastava,  S.j  Seth,  P.  and  Agarwal,  D.  (1975),  "Biochemical  Effects  of  Di- 
2-ethylhexyl  Phthalate,"  Environ.  Physiol.  Bioohem. , _5»  178* 

SRI  (1977),  Directory  of  Chemical  Producers,  Stanford  Research  Institute, 

Menlo  Park,  California. 

Stalling,  D. } Hogan,  J.  and  Johnson,  J.  (1973),  "Phthalate  Ester  Residues — 
Their  Metabolism  and  Analysis  in  Fish,"  Environ.  Health  Peropeo,, 

3,  159. 

Sugawara,  N.  (1974),  "Effect  of  Phthalate  Esters  on  Shrimp,"  Bull,  of  Environ, 
Cont.  & Tox. , 1^(4),  421. 


-208- 


(VII— 40) 


Tanaka,  A.;  Adachi,  T.;  Takahashi,  T.  and  Yamaha,  T.  (1975),  "Biochemical 
Studies  on  Phthalic  Esters  I.  Elimination,  Distribution  and 
Metabolism  of  Di-(2-ethylhexyl)phthalate  in  Rats,"  Toaiool,,  4, 

253. 

Wallin,  R. ; Klamer,  B.;  Nicora,  R.  and  Thompson,  C.  (1974) , "Di(2-ethylhexyl) 
Fhthalate  (DEHF)  Metabolism  in  Animals  and  Post-Transfusion  Tissue 
Levels  in  Man,"  Bull.  Parentenal.  Drug.  Aeso.,  28(6) , 278. 

Warner,  M. ; Randall,  W.F.;  Diehl,  S.A.;  Pearson,  J.G.  and  Meier,  E.P.  (1978) 
"Acute  Toxicity  of  Several  Munitions  Related  Compounds  to  Daphnia 
mgna,  Fathead  Minnows  and  Green  Sunfish,"  Draft,  U.S.  Army  Research 
and  Development  Laboratory. 

Watts,  T.  (1978),  "Munitions  Environmental  Research,"  Letter  to  USAMBRDL 
(SGRD-UBG-R)  from  Commander,  Radford  AAP,  dated  9 Mar  1978. 

Williams,  D.  (1973),  "Dibutyl-  end  Di-(2-ethylhexyl)phthalate  in  Fish,"  J. 
Agr.  Food  Chem.,  21,  1128. 

Williams,  D.  and  Blanchfiald,  B.  (1974),  "Retention,  Excretion  and  Metabolism 
of  bis(2-ethylhexyl)  Phthalats  Administered  Orally  to  the  Rat," 
Bull,  Environ.  Contain.  Toxiaol .t  11(4),  371. 

Williams,  D.  and  Blanchfiald,  B.  (1975),  "The  Retention.  Distribution,  Excre- 
tion, and  Metabolism  of  Dibutyl  Phthalate-F-l*C  in  the  Rat,"  Bureau 
of  Chemical  Safety,  Health  Protection  Branch,  Ontario,  Canada. 


AO 


PRELIMINARY  PROBLEM  DEFINITION  STUDY  OF 
48  MUNITIONS-RELATED  CHEMICALS 


Volume  II  Propellant  Related  Chemicals 


Triacetin 


FINAL  REPORT 


J.  F.  Kitchens 
W.  E.  Harvard  III 
D.  M.  Lautar 
R.  S.  Vantaal 
R.  S.  Va lan tin# 


April  1978 


Supported  by: 

U.  S.  ARMY  MEDICAL  RESEARCH  AND  DEVELOPMENT  COMMAND 
Fort  Detrick,  Frederick,  Maryland  21701 


Contract  No.  DAMD17-77-C-7057 
COTR:  Clarence  Wade,  Ph.D. 

ATLANTIC  RESEARCH  CORPORATION 
Alexandria,  Virginia  22314 


Approved  for  Public  Release 
Distribution  Unlimited 


The  findings  in  this  report  are  not  to  be  construed  as  an 
official  Department  of  the  Army  position  unless  so  desig- 
nated by  other  authorised  documents. 


211- 


SUMMARY 


Tr lace tin  Is  used  aa  a plasticiser  in  solid  propellant  formulations. 
These  formulations  contain  3.25  to  11. OX  triacetin.  At  the  present  time 
only  Radford  AAP  uses  triacetin.  Current  uBe  rate  is  ■v  43,000  lb/year. 

At  full  mobilisation  150,000  lb/year  would  be  used  by  Radford.  Sunflower 
and  Badger  would  use  similar  amounts  at  full  mobilization. 

• Estimated  losses  of  triacetin  from  current  propellant  manufacture  are 
between  180  and  540  lb/mouth.  At  full  mobilisation  up  to  2000  lb/month 
could  be  lost  at  each  plant  using  triacetin.  Since  this  compound  is 
readily  soluble  in  water,  virtually  all  the  tciacetln  lost  will  be  in  the 
waste  streams. 


Triacetin  is  produced  in  the  United  StateB  by  three  manufacturers. 

Current  production  capacities  are  estimated  at  1 million  Ib/year. 

Triacetin  has  a wide  variety  of  uses  in  the  civilian  community  Including 
a plasticiser  in  cigarette  filters,  a solvent  and  carrier  in  pharmaceutical 
preparations,  a solvent  and  fixative  in  perfumes  and  flavors,  etc.  Because 
of  the  widespread  use  of  triacetin  in  disposable  items,  the  civilian  pollution 
of  triacetin  is  aluo  expected  to  be  widespread. 

Mammals  exhibit  a low  toxic  response  to  triacetin.  However,  aquatic 
organisms  and  invertebrates  are  fairly  sensitive  to  this  chemical.  At 
full  mobilization,  significant  effects  on  the  local  aquatic  population  near 
Radford,  Sunflower  and  Badger  could  occur.  Microorganisms  should  readily 
degrade  this  compound,  precluding  any  widespread  damage  to  the  ecosystem. 

At  current  production  levels,  the  Army  uses  only  4%  of  the  triacetin 
civilian  production  capacity.  At  full  mobilization,  the  Army  usage  of  this 
chemical  could  be  as  high  as  45X  of  the  civilian  capacity.  Although  the 
Army  use  rate  of  triacetin  could  be  high  under  emergency  conditions,  this 
chemical  la  not  a military  unique  compound. 

The  only  Army  problem  with  triacetin  appears  to  be  potential  local 
aquatic  effects.  The  planned  biotreatment  facility  at  Radford  should 
adequately  remove  this  compound  from  Radford's  waste  streams.  From  these 
findings  it  appears  that  triacetin  has  a low  priority  for  inclusion  in  the 
Phase  II  work.  If  it  were  to  be  Included,  the  study  should  be  limited 
to  environmental  toxicology  and  fate. 


ikboiduo  ?aob  mlaik 


Bill 
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FOREWORD 


This  report  details  the  results  of  a preliminary  problem  definition 
study  on  trlacetln.  The  purpose  of  this  study  was  to  determine  the  Army's 
responsibility  for  conducting  further  research  on  trlacetln  in  order  to  de- 
termine its  toxicological  and  environmental  hazards  so  that  effluent  .stan- 
dards can  be  recommended.  In  order  to  determine  the  Army's  responsibility 
for  further  work  on  trlacetln,  the  military  and  civilian  usage  and  pollution 
of  this  chemical  were  evaluated.  In  addition,  a preliminary  overview  of 
toxicological  and  environmental  hazards  was  conducted. 

Trlacetln  was  only  one  of  the  48  chemicals  evaluated  under  Phase  IA  of 
contract  Wo.  DAMD17-77-C-7057.  These  chemicals  are  grouped  in  four  categories 

- explosives  related  chemicals 

- propellant  related  chemicals 

- pyrotechnics 

- primers  and  tracers 

Each  category  is  a major  report.  Section  1 of  each  report  ie  an  overview  of 
the  military  processes  which  use  each  chemical  and  the  pollution  resulting 
from  the  use  of  these  chemicals,  the  problem  definition  study  reports  on 
each  chemical  are  separable  sections  of  these  four  reports. 

In  addition  a general  methodology  report  was  also  prepared.  ThiB  report 
describes  the  search  strategy  and  evaluation  methodology  utilized  for  this 
study. 
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VIII.  TR1ACETIN 


A.  Alternate  Names 


Triacetln  is  the  triacetate  ester  of  glycerine.  It  has  a molecular 
formula  of  CgHj^Og  and  a molecular  weight  of  218.21  g/mole.  The  structure 
of  triacetln  Is  shown  below: 


H2C  - 0 - c 

j r 

; - CH3 
\ 

HC  - 0 - ( 
| r 

: - ch3 
\ 

H2C  - 0 - ( 

i - ch3 

The  pertinent  alternate  names  for  triacetln  are  as  follows: 


CAS  Registry  No.: 

CA  Name  (9  Cl) : 

CA  Name  (8  Cl): 
Wlswesser  Line  Notation: 
Synonyms : 


B.  Physical  Properties 


102-76-1 

1,2,3-propanetriol,  triacetate 

Acetin,  tri- 

1V01Y0V1810V1 

Ensactln;  Fungacstin;  Glycerin 
triacetate;  Glycerol  triacetate; 
Glyceryl  triacetate;  Glyped; 
Kesscoflex  TRA;  Triacetln; 

Triace tine;  Vanay 


The  physical  properties  of  triacetln  are  presented  in  Table  V1II-1, 
The  infrared  spectrum  of  the  compound  is  shown  in  Figure  VIII-1, 


MJ’K  liiMIt't 

iCHico«-HsiiCMio»ccM|t  « » an.j* 


Figure  VIII-1.  Infrared  Spectrum  of  Triacetln 
(Pouchert,  1970). 
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Table  V1II-1.  Pbyaical  Properties  of  Triacetin.* 


Physical  Form  <3  20*C: 

Color  5 
Odor: 

Taste: 

M.P, : 

B.P.: 

Vapor  Pressure: 

Liquid  Density: 

Vapor  Density  (eir-1): 

Refractive  Index: 

Flash  Point: 

Autoignition  Temperature: 

Lower  Explosive  Limit,  in  Air  (189'C) 
Solubility: 


oily  liquid 

colorless 

fatty 

bitter 

-78*C 

j.2  (supercools  to  -70#C) 

(Eastman  Chemical) 

25B*C  9 760  nmHg 
172 °C  9 40  mmHg 

0.0025  mmHg  9 50* C 

dj5  1.1562s  dj°  1.1596;  d|§  1.163 

3.17 

n§°  1.4296;  n§5  1.4307 
153*C  open  cup 
432*C 

: 1.03%  vol 

water  - 6.12g/100g  9 20*C 

soluble  in  alcohol,  ether,  chloroform 

and  other  organic  solvents 


^References:  Eastman  Chemical,  1976;  Windhols,  1976;  Hawley,  1977. 


j1'^1  ‘l  l1  I'l'n  .T"  rTVWM f,  i 


C , Chemical  Properties 

1.  General  Reactions 

TriacylglycerolB  of  various  long  chain  carboxylic  acids  occur 
naturally  us  the  mujor  components  of  neutral  Btorage  fats  in  plants  and 
animals.  Trlacetin  is  the  common  name  for  triacetylglycerol,  the  acetate 
analog  of  the  neutral  fats. 

Hydrolysis  to  glycerol  and  acetic  acid  occurs  readily.  A boiling 
aqueous  solution  of  triacetin  is  917.  hydrolysed  after  96  hours  (Eastman 
Chemical,  1976).  Ei titer  acid  or  base  speeds  the  hydrolysis,  In  base,  the 
carboxylate  salt  of  acetic  acid  is  formed. 


H2C-0-C-CH3 

hc-o-?-ch3 

I 9 

H2C-0-C-CH3 

h2c-o-$-ch3 

hc-o-E-ch3 

1 i 

H2C-0-C-CH3 


OH  OH 
I I 


>H 


h2o 


OH- 


->  H2C  - CH  - CH2  + 3CHjC00H 


OH  OH 
I 


?H 


h2o 


H2c  - Ih  - CH2  + 3CH3U00' 


In  alcohol  solutions,  trlacetin  undergoes  traneeeterlflcatlon 
reactions.  In  methanol,  the  reaction  gives  glycerol  and  mathyl  acetate. 


h,c-o-Lch3 

“I  9 

HC-O-C- 


MeOH 


ch3  IfSt#  H2 


OH  OH 

i - J:h  - 


OH 


in?  + 


3 CH3COOCH' 


HiC-O-C-CH 


Nitrogen  nucleophiles  such  as  ummonia  or  alkylamines  will  attack 
the  ester  leakage  to  produce  amides. 

h,c-o-$-ch3 

“ | NH  OH  OH  OH 

:-0-C-CHi  — - > 3 CH3CONH2  + H?C  - i:H  - CH 


hc-o-c-ch3 

1 s 

H2C-0-C-CH3 


:h2 
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ch3nh2 


> 3 CH3CONHCH3 


HC-O-C-CH-i 
1 ? 

H2C-O-C-CH3 


OH  OH  OH 

f I I 

+ h2c  - ch  - ch2 


Amide  formation  occurs  more  readily  than  hydrolysis  or  alcoholysis  and  la 
essentially  irreversible.  It  will  not  occur  in  acidic  solutions  where  the 
nitrogen  compounds  exist  us  non-nucleophilic  ammonium  ions. 


RNH2 


rnh3 


Treatment  of  trincetin  with  strong  acid  could  result  in  several 
reactions  following  hydrolysis.  Dither  dehydration  or  a pinucol  typo  re- 
arrangement of  glycerol  would  form  3-hydroxy  propionaldehyde. 


OH 


OH 


r 


CH  - CH2 


oonc.  H*s 


HOCHjCHnCHO 


The  hydroxyuldohyde  can  either  decompose  to  acetaldehyde  and  formaldehyde  in 
a reverse  Aldol  condensation 

OH" 

HOCH2CH2CHO  ->  H2C0  + CH3CHO 


or  eliminate  a second  molecule  of  water  to  form  2-propanal. 

H+ 

hoch2ch2cho > h2c»chcho  + h2o 


The  a-P  unsaturated  aldehyde  can  act  as  u Michael  acceptor,  undergoing 
nucleophilic  addition  at  the  S position 


Nu  + H2C»CHCH0  > Nu-CH2CH2CHO 


2.  Environmental  Reactions 

Tr iacetin  will  hydrolyze  slowly  in  neutral  waters.  Hydrolysis 
occurs  more  rapidly  in  acidic  or  alkaline  environments. 

Triacetin 


VJ' 


CH 


,0  + CH3?H  ^ ZZ  2 HOCH^-CHOH-CH^OH ^ — ^ H2C-ChEh 


If  the  acidity  is  high  enough  to  promote  formation  of  g-hydroxv- 
piopionaldehydu,  the  above  equilibrium  will  be  established.  Dissipation 
of  formaldehyde  and  acetaldehyde  and  the  favored  formation  of  the  gom-diol 
in  water  will  prevent  reoondensation,  resulting  tn  not  chemical  degradation 
of  triacetin  to  the  lower  ulduhyduH  und  ucetic  acid. 

CH  >0  -f  HiO  ZI  ^ HO-CH.-OH 

* » * 

3.  Sampling  and  Analysis 

Sopvunetti  und  Reich  (1977)  used  u Porkin-Klmer  900  gas  chromato- 
graph with  a flame  ionization  detector  to  determine  triucotin  along  with 
nitroglycerin,  dinltrotolulene,  dlphenylamine,  and  dibutylphthalatu, 

A gu«  chromatographic  procedure  has  been  developed  for  analysis  of 
triacetin  in  a mixture  of  acotlns,  ullyl  acetate  and  acetic  acid  (Tvagaevet 
i !t  vii'.,  1 976)  < 

Troweil  (1969,  1970)  determined  triacetin  by  gas  chromatography  in 
aged  double  base  propellants,  Quantitative  analysis  of  triacetin  was  per- 
formed along  with  2-nitrodiphenylumine , dimethyl  sebucate,  dimethyl  phthalate, 
roaorcinol,  and  mono-,  di-,  and  t r.ln it ro glycerine. 

Landrum  at  at,  (1970)  used  dry-column  chromatography  to  separate 
triacetin  from  other  components  in  double  baae  propellants.  Quantitative 
determination  was  done  by  1R  absorbance  at  1745  cm“*. 

1) . UHes  ln  Army  Munitions 

1.  Purposes 

Triacetin  Is  used  as  a plasticizer  in  the  following  propellant 
formul at  ions s 


X Triacetin  ln  formulatl on 


N0SIH-AA-6 

3,25 

RAP 

8.8 

PNJ 

8,16 

Bermite 

11.0 

These  formulations  are  double  base  propellants  made  by  both  solvent  and 
solventless  processes.  Triacetin  is  currently  In  use  only  at  Radford  AAP, 
although  It  has  been  used  in  the  past  at  Badger  AAP  and  Sunflower  AAP  as 
wo  1 1 . 
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2,  Quantities  Used 

a.  Historical  Use 

During  the  period  1968-1977,  Radford  AAP  processed  an  average 
of  68,700  lb/year  of  triacetin.  About  1/3  of  this  amount  was  used  for  sol- 
ventlesa  propellants.  ‘An  additional  1/6  was  used  for  solvent  process  double 
base  formulations.  The  remainder  was  not  accounted  for  by  propellant  pro- 
duction statistics. 

The  specific  amount  of  triacetin  purchased  by  RAAP  during 
1968-1977  is  given  below  (Watts,  1978): 

1968  1969  1970  1971  1972  1973  1974  1973  1976  1977 

80,000  80,000  0 0 39,830  198,560  160,690  41,980  43,280  43.040 

b.  Current  Use 

The  average  use  i‘ate  of  triacetin  at  Radford  AAP  was  about 
5,900  lb/month  during  1977.  None  of  the  formulations  specifying  triacetin 
were  produced  during  December  1977,  so  ths  rate  of  consumption  for  that  month 
was  zero. 


c.  Use  at  Full  Mobilization 

At  full  mobilization,  12,200  lb/month  of  triacetin  would  be 
used  at  Radford  AAP,  The  average  use  rate  during  1977  represented  about 
482!  of  the  full  mobilization  use  rate. 

3.  Documented  or  Speculated  Occurrences  in  Air  or  Water 

The  specific  concentration  of  uriacetin  in  propellant  waste 
effluents  has  not  been  measured.  Effluents  containing  triacetin  would  be 
derived  from  the  following  sources: 

- Preparation  operations  including  weighing,  grinding 

or  classification.  Dust  or  particulates  are  collected 
in  wet  scrubbers,  from  which  both  solid  wastes  and 
contaminated  effluents  may  be  generated, 

- Residues  from  washdown  operations  generate  effluents 
which  are  filtered  and  discharged.  Collected  solids 
are  transported  to  the  burning  grounds, 

- Process  water  from  manufacture  of  propellants  by  the 
solvent  process.  These  effluents  appear  in  the  C-llne 
waste  water  stream,  the  48  inch  general  purpose  sewer 
an  the  solvent  recovery  area  discharges. 
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- Process  wastes  from  solvent  less  propellant  manufacture. 

These  effluents  appear  In  the  rolled  powder  ai>.a  waste 
streams. 

Approximately  1-6%  of  the  double  base  propellants  produced  are  lost 
to  waste  streams  (Dickenson,  1978).  This  would  account  for  an  average  loss 
of  60  to  360  lb/month  of  triacetin  based  upon  1977  use  rates.  Additional 
losses  from  chemical  preparation  operations  would  be  approximately  120  to  180 
lb/month.  Thus,  total  current  losses  of  triacetin  are  on  the  order  of  180  to 
540  lb/month.  At  full  mobilization,  these  losses  would  rise  to  700  to  2000 
lb/month.  Due  to  the  high  solubility  of  triacetin  in  water,  virtually  all 
the  triacetin  lost  will  be  present  in  the  waste  screams. 


E.  Uses  in  the  Civilian  Community 


1.  Production  Methodology 

Triacetin  is  prepared  by  direct  acetylation  of  glycerol.  This 
reaction  may  be  accomplished  with  either  acetic  acid,  acetic  anhydride  or 
acetyl  chloride.  Acetylation  with  acetic  acid  is  an  equilibrium  process 
which  is  driven  by  removal  of  water  from  the  system. 


h2c-o-c-ch3 

H0-CH2Cn0H-CH20H  + 3CH3COOH  ^ HC-O-8-CHj  + 3H20 

HjC-O-l-CHj 


Acetylation  with  acetic  anhydride  or  acetyl  chloride  is  irreversible. 


HO-CH2CHOH-CH20H 


3(CH3CO)20 


h,c-o-6-ch, 

**  | r\  J 


HC-O-C-Cll 

• ft  ' 

H.C-0-C-CH 


+ 3HOAc 


110-CH2CHOH-CH2OH 


3CH2C0C1 


H„C-0-§- 
-0-8-CHj 

h2c-o-I-ch3 


*v”w-v-CH. 

HC 

1 


+ 3HC1 
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Triacetin  may  also  bo  produced  by  treatment  of  a liquid  mixture  of  allyl 
acetate  and  acetic  acid  with  O2  in  the  presence  of  a bromine  catalyst. 

2.  Manufacturers,  Production,  and  Capacities 

The  three  U.S,  manufacturers  of  triacetin  are  listed  below 
(S.R.I.  1977). 


Table  V11I-2.  U.S.  Manufacturers  of  Triacetin. 


Armak  Indus t.  Chem.  Div. 

Union  Carbide,  Chem.  & PlasticB 
Div. 


Eastman  Chemical  Products  Inc, 


Phil.,  PA 

Institute,  W.VA. , 
South  Charleston, 
W.  VA. 

Kingapovt,  TN 


Use 

primarily  captive 
primarily  sales 

primarily  sales 


Armak  is  currently  operating  at  a capacity  of  30,000  pounds  par  month.  Union 
Carbide  and  Eastman’s  capacities  are  unavailable.  Historical  production 
figures  are  also  unavailable. 

3.  Usages 

Triacetin's  primary  use  is  as  a plasticiser  in  cellulose  resins. 
Minor  uses  include!  a .solvent  and  carrier  in  pharmaceutical  prepara- 
tions, a solvent  and  fixative  in  perfumes  and  flavors,  and  an  ingradient 
in  iUKs  lor  printing  on  nonabsorbent  surfaces  (Eastman  Chemicals,  1976). 

4.  Future  Trends 

No  new  upes  for  triacetin  are  anticipated. 

5.  Documented  or  Speculated  Occurrence*  in  the  Environment 

Triacetin  occurs  naturally  in  the  seed  of  Fuonimue  euvopaeuo 
(Kirk  and  Othmer,  1966).  It  has  been  observed  in  ethanol  extracts  from 
cigarette  filters  (Constantineecu,  1974),  Because  of  its  widespread  use 
in  disposable  items,  significant  quantities  of  triacetin  are  expected  to 
be  foupd  in  the  environment  from  civilian  usages. 


i. 

1 


I 

I 

I 


F.  Comparison  of  Civilian  and  Military  Uses  of  Trlncetin 

Triacetin  l*  produced  by  three  manufacturers  In  the  United  States.  Al- 
though total  capacities  and  production  statistics  are  unavailable,  a good 
estimate  of  current  capacity  is  •vl  million  Ib/year.  At  current  production 
rates,  Radford  AAP  uses  ^43,000  lb/year  or  about  4%  of  the  United  States  pro- 
duction capacity.  At  full  mobilisation,  Radford  AAP  use  of  triacetin  would 
be  150,000  lb/year.  If  Badger  and  Sunflower  also  use  this  chemical  at  a full 
mobilisation  rate  of  150,000  lb/year,  the  total  Army  usage  would  be  45%  of 
the  civilian  production  capacity.  Although  triacetin  is  not  a military 
unique  chemical,  at  full  mobilisation  of  all  propellant  plants,  the  military 
uses  of  triacetin  could  account  for  almost  half  of  the  United  States  produc- 
tion capacity. 

0.  Toxicological  and  Environmental  Hasards 

1.  Toxicity  to  Mammals 

Triacetin  has  a low  toxicity  to  mammals.  The  oral  and  lntra- 
peritoneal  LD50  for  rata  and  rabbits  is  presented  in  Table  VII1-3.  Triacetin 
is  most  toxic  (LD50".8  - 1.6  g/Kg)  when  intraperitoneal  doses  are  given. 
Shapira  at  a?.  (1976)  substituted  triacetin  for  fat  in  rat  diets.  They 
found  that  30-40%  of  triacetin  in  the  total  diet  still  produced  normal 
weight  gains.  Patty  (1963)  also  reported  triacetin  in  rat  dieta  produced 
normal  weight  gains  in  levels  up  to  35%. 

2.  Aquatic  Toxicity 

The  distribution  of  triacetin  in  the  aquatic  environment  has  not 
been  studied.  Warner  at  at.  (1978)  found  a 48  hour  EC50  (effective  concen- 
tration to  50%)  for  Davhnia  mpm  to  be  between  1-5  ppm.  Using  the  fathead 
minnow  (Pi'maphtilae  piwl, :u>),  the  96  hour  LC50  was  223  ppm.  From  this  data 
triacetin  is  moderately  toxic  to  aquatic  organisms. 

Radford  AAP's  current  uses  of  triacetin  range  fro®  5900  lb/mo  to 
12,200  lb/mo  at  full  mobilisation.  Loss  eatimates  are  180-540  lb/mo  at  current 
production  rataa  and  700-2000  lb/mo  at  full  mobiliaation.  Since  triacetin  is 
very  eoluble  in  water  (61  g/1) , virtually  all  the  triacetin  loat  will  be 
found  in  the  waste  streams.  Table  VIII-4  ehowa  the  levels  of  triacetin  that 
could  be  found  at  different  flow  rataa  and  dtgrtta  of  mixing.  From  thie 
data  and  the  acute  toxicity  studiee,  triacetin  could  have  some  toxic  effects 
on  aquatic  organlaas  in  a limited  area  of  New  River.  However,  at  a low  pH, 
triacetin  will  be  hydrolysed  to  acetic  acid  and  glycerol. 


\ 


I 


I 


I 


I 

I 


\ 
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Table 

VI 11- 3.  Toxicity  of 

Triacetin  to  Mammal 

s « 

Species 

Dose 

(g/kg) 

Route  of 

Adminis. 

Effects 

Reference 

Rats 

6.4-12.8 

Oral 

LD50 

Eastman  Chem. 
Co.,  (1976) 

Mice 

3. 2-6.4 

Oral 

*1 

H 

Rats 

0.8-1. 6 

Intraperltoneal 

»l 

II 

Mice 

0.8-1. 6 

Intraperitoneal 

II 

II 

Mice 

8.0 

Oral 

II 

Lawrence  et 
at,,  (1974) 

Mice 

1.52 

Intraperitoneal 

II 

II 

Table  VIII-4. 

Triacetin  Levels  (ppm)  in 
Mobilization. 

New  River  at  Full 

Degree  of  Mixing 

Low  Flow  (336  mgd) 

Average  Flow  (2500  mgd) 

IS 

2.4 

0.31 

10S 

0.24 

0.03 

100X 

0.02 

0.003 

3.  Toxicity  to  Microorganism# 

Triacetin,  because  of  its  water  solubility  (61  g/1  wster),  is  used 
as  a carrier  in  fungicidal  compositions  (Kirk  and  Othmer,  1966).  It  is  doubt- 
ful that  it  is  toxic  to  the  microorganisms.  At  a low  pH,  triacetin  will  slowly 
hydrolyse  to  acetic  acid  and  glycerol  and  both  of  these  compounds  would  be 
easily  metabolized  by  microorganisms. 

4.  Availability  of  Literature  for  Phase  II 

Although  the  amount  of  toxicological  and  environmental  literature 
on  triacetin  is  not  plentiful,  sufficient  literature  appears  to  be  available 
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tor  a Phase  II  study.  Literature  is  also  available  on  toxicological  and 
environmental  properties  of  similar  glycerol  derivatives. 

H.  Regulations  and  Standards 

There  are  no  standards  or  regulations  directly  applicable  to  triacetin. 
However , this  compound  is  listed  in  EPA's  "Toxic  Substances  Control  Act  List 
of  Candidate  Chemical  Substances". 

I.  Conclusions  and  Recommendations 


The  goal  of  this  preliminary  problem  definition  study  was  to  determine 
the  Army's  responsibility  for  conducting  further  research  on  triacetin. 

From  the  data  evaluated  during  this  study  and  presented  in  this  report) 
the  following  conclusions  can  be  drawn. 

1.  Triacetin  is  not  a military  unique  compound.  However  45%  of  the 
civilian  production  capacity  could  be  used  in  propellant  manufacture  under 
full  mobilisation  conditions. 

2.  The  civilian  uses  of  triacetin  are  wide  spread}  the  civilian 
pollution  is  also  widespread. 

3.  Mammals  exhibit  a low  toxic  response  to  triacetin. 

4.  Aquatic  and  invertebrate  life  are  fairly  eensitive  to  this  compound 
with  reported  LC50's  in  the  range  of  1-250  ppm. 

5.  At  full  mobilization,  significant  effecta  on  aquatic  life  near 
Radford,  Badger  and  Sunflower  could  occur. 


Further  environmental  studies  on  triacetin  could  be  of  some  benefit. 
However,  triacatin  should  be  effectively  eliminated  from  the  waste  streams  at 
Radford  AAP  when  the  new  treatment  facility  is  in  operation.  Therefore,  any 
further  environmental  studies  on  this  compound  Bhould  be  low  priority. 
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SUMMARY 

Lead  salicylate  is  used  as  a burning  rate  modifier  in  solvent  and 
aolventless  double  base  propellants.  This  compound  is  currently  only  used 
at  Radford  Army  Ammunition  Plant.  At  current  production  rates,  3000  lb  of 
lead  aalicylata  are  used  at  Radford  AAP  each  month.  This  usage  repreaenta 
full  production  capacity  of  the  propellants  employing  lead  salicylate  in 
their  formulations.  Losses  of  lead  aalicylata  to  the  environment  from  Radford 
AAP  operations  are  estimated  at  45-150  lb/month. 

Lead  salicylate  is  manufactured  by  one  civilian  firm.  Potential  prod- 
uction capacities  for  this  chemical  are  estimated  at  'b  1 million  lb/year. 

In  the  civilian  market,  lead  salicylate  is  used  as  a stabiliser  in  flooring 
and  other  vinyl  compounds  requiring  good  light  stability. 

Lead  salicylate  is  toxic  to  mammals.  It  is  readily  absorbed  through 
the  skin.  The  aquatic  toxicity  of  this  compound  is  unknown.  However  due 
to  the  limited  solubility  of  lead  salicylate,  the  aquatic  toxicity  is 
probably  low. 


The  absence  of  production  statistics  makes  an  evaluation  of  the  military 
versus  civilian  usage  difficult.  However,  it  is  estimated  that  the  Army 
uses  ^ 1/3  - 1/2  of  the  lead  salicylate  produced  by  the  civilian  community. 
The  Army  propellant  manufacture  is  probably  the  main  source  of  environmental 
pollution  of  this  compound.  Therefore,  it  is  recommended  that  lead 
salicylate  be  Included  in  the  detailed  Phase  II  toxicological  and  environ- 
mental evaluations. 
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FOREWORD 


This  report  details  the  results  of  a preliminary  problem  definition 
study  on  lead  salicylate.  The  purpose  of  this  study  was  to  determine  the 
Army's  responsibility  for  conducting  further  research  on  laad  salicylate  in 
order  to  determine  its  toxicological  and  environmental  hazards  so  that 
effluent  standards  can  be  recommended.  In  order  to  determine  the  Army 'a  re- 
sponsibility for  further  work  on  lead  salicylate, the  military  and  civilian 
usage  and  pollution  of  this  chemical  were  evaluated.  In  addition,  a pre- 
liminary overview  of  toxicological  and  environmental  hazards  was  conducted. 

Lead  salicylate  waa  only  ona  of  tha  48  chemlcala  evaluatsd  under  Phase 
1A  of  contract  No.  DAMD17-7 7-07057.  These  chemicals  are  grouped  in  four 
categories 

- explosives  related  chemicals 

- propellant  related  chemlcala 

- pyrotachnics 

- primers  and  tracer e 

Lach  category  is  a major  report.  Section  1 of  each  report  is  an  overview  of 
the  military  processes  which  use  each  chemical  and  the  pollution  resulting 
from  the  use  of  these  chemicals.  The  problem  definition  study  reports  on 
each  chemical  are  separable  aectiona  of  these  four  reports. 

In  addition  a general  methodology  report  was  also  prepared.  Tikis  report 
describee  the  search  strategy  and  evaluation  methodology  utilized  for 
this  study. 
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IX.  LEAD  SALICYLATE 


Alternate  Names 


Lead  salicylate  Is  a stabilizer  used  In  vinyl  compounds  requiring  good 
light  stability.  Lead  salicylate  has  a molecular  formula  of  C14H.nO.Pb  cor- 
responding to  a molecular  weight  of  481.21  g/mole.  It  has  the  following 


structure 


0 

11 

C - 0" 

OH 


Pertinent  alternate  names  for  lead  salicylate  are  listed  below: 


CAS  Registry  No.: 

Alternate  Registry  No(s).: 
CA  Name  (9CI): 

CA  Name  (8CI): 

Synonyms : 


Physical  Properties 


15748—73—9 

16183-13-4;  14901-86-5;  824-37-3 
Lead,  bie(?.-hydroxybenzoato-0(l) , 
0(2))-, (T-4)- 
Lead,  bis  (sallcylato)- 
Salicylic  acid,  laad(2+)aalt(2:l) ; 
Benzoic  acid,  2-hydroxy-,  lead (2+) 
salt(2:l) 


The  physical  properties  of  lead  salicylate  are  presented  in  Table  IX-1. 


Table  IX-1.  Physical  Properties  of  Lead  Salicylate  (Hawley,  1977). 


Physical  Form  $ 20#C: 
Color: 

M.P. : 

B.P, : 

Specific  Gravity: 
Refractive  Index: 
Solubility: 


C.  Chemical  Properties 


1.  General  Reactions 


soft  crystalline  powder 

creamy  white 

N.A. 

N.A. 

2.3  g/cm’ 

1.78 

soluble  in  hot  water  and  alcohol 


Detailed  investigations  into  the  ch-'ical  behavior  of  lead  aalicy- 
late  have  not  been  reported  in  the  literature.  Lead  salicylate  is  soluble 
in  hot  water  and  has  some  solubility  in  cold  water.  Step-wise  hydrolysis 
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will  probably  occur  upon  dissolution. 


rb(OUC-C6H4OH)2  i’b (OOC-C^H^OH)"*’  + HOOC-C6H4OH  ^ Pb44  + HOOC~C6H4OH 

This  hydrolysis  and  thus  the  solubility  of  lead  salicylate  should  increase  as 
the  pH  decreases.  In  solutions  of  high  pH,  lsad  salicylate  would  be  expected 
to  form  soluble  basic  salts.  These  reactions  will  occur  in  the  environment 
depending  on  the  conditions  encountered. 

2.  Sampling  and  Analysis 

Quantitative  analysis  of  organolead  compounds  may  be  accomplished 
by  removing  the  organic  constituent  by  oxidation.  The  resulting  lead  oxide 
may  be  determined  by  atomic  absorption.  Lead  may  also  be  determined  color- 
imetrically  with  dithicone.  The  rad  lead  dithiaonat#  ia  quantitated  by 
abaorption  at  520  nm  (Franson,  1975). 

D Uses  in  Army  Munitions 


1.  Purposes 

Lead  salicylate  ia  used  in  the  production  of  both  solvent  end 
solventlese  double  baas  propellent.  The  following  formulations  require  lead 
salicylate: 


X Lead  Salicylate  in  Formulation 


RAP 

1.2 

RAP/8 

1.2 

PNJ  for  TOW 

1.93 

PNJ  c eating  powder 

2.93 

ARP  casting  powder 

3.0  t 2.5 

AHH  casting  powder 

2.3 

N-S 

1.2 

NOSIH-AA-2 

1.5 

NOSIH-AA-6 

1.5 

Bermite 

2.5 

Currently,  lead  aelieylete  la  used  only  at  Radford  AAP.  In  the  pest,  it  hss 
been  ueed  at  Badger  AAP  end  Sunflower  AAP. 

2.  Quantities  Used 

a.  Historical  Use 

During  1968-1977,  Radford  AAP  purchaasd  an  average  of  46,000 
lb/year  of  lead  salicylate.  Propellant  production  accounted  for  about  53X 
of  this  amount,  with  78X  of  the  lead  salicylate  used  in  propellants  going 


i 
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into  solventless  formulations,  predominantly  N-5  and  NOSIH-AA-6.  The  remain- 
ing 47%  of  the  purchased  amounts  were  sent  to  other  propellant  facilities, 
or  in  some  cases,  returned  to  the  vendor. 

The  specific  amounts  of  this  lead  compound  purchased  by  Radford  AAP 
during  1968-1977  are  listed  below  (Watts,  1978): 

1968  1969  1970  1971  1922  1973  1974  1975  1976  1977 

206,800  85,600  000  28,000  66,000  10,200  24,200  39,600 

b.  Current  Use 

During  1977,  Radford  AAP  used  lead  salicylate  at  the  rate  of 
about  3000  lb/month.  In  December,  1977,  the  use  rate  was  at  this  level  for 
production  of  100,000  lb  of  ARP  casting  powder  by  the  solvent  process. 

c.  Use  at  Full  Mobilization 

The  current  use  rate  of  lead  salicylate,  3000  lb/month,  also 
represents  the  full  mobilization  uae  rate  of  this  material. 

3.  Documented  or  Speculated  Occurrences  In  Air  or  Water 

The  actual  concentration  of  lead  salicylate  in  waste  streams  at 
Radford  AAP  has  not  been  measured.  Effluents  conteining  lead  salicylate 
would  be  expected  to  be  generated  from  the  following  aouruea: 

(1)  Preparation  operations  Including  weighing,  grinding  or  classi- 
fication. Dust  or  particulates  ara  collected  in  wet  scrubbers, 
from  which  both  solid  wastes  and  contaminated  effluents  may  be 
generated. 

(2)  Residues  from  washdown  operations  generate  effluents  which  are 
filtered  and  discharged.  Collected  solids  are  transported  to 
the  burning  grounds. 

(3)  Process  water  from  manufacture  of  propellants  by  the  solvent 
process.  These  effluents  appear  in  the  C-line  wastewater 
stream,  the  48-inch  general  purpose  sewer  and  the  solvent 
recovery  area  discharges. 

(4)  Process  wastes  from  solvsntless  propellant  manufecturu.  These 
effluents  appear  in  the  rolled  powder  area  waste  streams. 

» 

It  is  estimated  that  1-6X  of  the  double  base  propellents  produced 
are  lost  during  solvent  processing  operations.  Solventless  propellant  pro- 
cessing normally  results  in  lossss  of  1-5X  (Dickinson,  1978).  Another  2-4X 
of  the  lead  salicylate  used  may  be  lost  during  preparation  operations.  Thus, 
the  total  losses  of  lead  eclicylate  to  waste  streams  is  estimated  at  90-300 
lb/month.  This  figure  ia  also  representative  of  full  mobilization  oparationa. 
It  is  estimated  that  1/2  of  the  lead  salicylate  lost  eventually  enters  the 
New  River. 
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1.  Production  Methodology 

Lead  salicylate  1*  produced  by  the  reaction  of  litharge  (yellow  lead 
oxide)  and  salicylic  acid  (NL  Industrial  Chemicals.  1978). 


The  precipitate  ia  filtered  and  the  reaction  medium  recycled  to  reclaim  die* 
solved  materials.  The  lead  salicylate  ia  washed,  then  dried  under  dust  col- 
lection. Figure  IX-1  is  a flow  diagram  of  the  process. 

2.  Manufacturers,  Production  and  Capacities 

Lead  salicylate  is  manufactured  under  the  trade  name  Normasal  by 
ML  Industries  at  plants  in  Oakland,  California  and  Philadelphia,  Pennsylvania. 
Production  figures,  plant  capacities  and  details  of  the  production  process  are 
unavailable  due  to  their  proprietary  nature. 


3.  Usages 

Lead  salicylate  la  used  as  a stabiliser  in  flooring  and  other  vinyl 
compounds  requiring  good  light  stability  (Hawley,  1977). 

4 . Future  Trends 

Mo  new  civilian  applications  for  lead  salicylate  are  anticipated. 

5.  Documented  or  Speculated  Occurrences  in  the  Environment 

Mo  environmental  occurrences  of  lead  salicylate  have  been  reported. 


F.  Comparison  of  Military  and  Civilian  Uses  and  Pollution 


The  civilian  usage  of  lead  salicylate  is  not  as  wide  spread  as  the  other 
lead  soaps  such  as  the  stearate.  Civilian  production  is  less  than  1 million 
pounds  per  year.  Due  to  the  similarity  in  production  processes  for  many  of 
the  metallic  soaps,  facilities  could  be  converted  to  lead  salicylate  manufac- 
ture to  meet  market  demands.  For  this  reason,  actual  civilian  production 
capacity  could  bs  much  greater  than  1 million  pounds  per  year. 

Current  use  rate  of  lead  salicylate  at  RAAP  is  ■vdOOO  lb/month.  This 
number  aleo  represents  projected  mobilisation  usage.  If  Sunflower  and  Badger 
were  using  lead  salicylate  at  the  same  full  mobilisation  rate,  the  Army  would 
be  using  108*000  lb/yr.  This  number  appears  to  be  a low  estimate  since  RAAP 
alone  purchased  over  200,000  lb  of  lead  salicylate  in  1968. 
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Ac  current  use  rate,  th*  Army  it  probably  on*  of  Cha  major  users  of  lead 
eallcylate.  The  Army  't  current  purchases  are  estimated  to  be  20X  of  the 
civilian  production  of  this  chemical.  At  full  mobilization,  with  all  propel- 
lant plants  operating,  the  Army  usage  would  be  ■vfOX  of  the  civilian  production. 

The  Army  is  probably  one  of  the  major  polluters  of  lead  salicylate. 
However,  when  compared  to  total  U.S.  lead  pollution,  any  lead  salicylate 
entering  the  environment  for  propellant  production  is  small.  However,  the 
potential  danger  to  the  local  aquatic  systam  around  the  propellant  menu* 
facturing  plants  is  not  atiell. 

G.  Toxicological  and  Environmental  Hazards 


1.  Toxicity  to  Mammals 

Ho  mammalian  toxicological  studlea  specifically  on  lead  salicylate 
were  uncovered  in  the  recent  literature.  However,  Sax  (1976)  indlcatea  that 
lead  salicylate  is  toxic  and  readily  absorbed  through  the  skin. 

2.  Aquatic  Toxicity 

Aquatic  toxicity  studies  on  lead  salicylate  are  nonexistent,  how- 
ever, the  toxicity  of  other  low  soluble  organic-lead  compounds  ie  low  (Cairns 
and  Dickson,  1971).  The  stability  of  lead  salicylate  in  aquatic  systems  has 
not  been  studied.  However,  it  is  likely  that  a substantial  amount  of  lead 
salicvlate  is  degraded  to  Pb**  either  through  chemical  processes  or  by 
nil crv’-'-ganisms . The  lead  will  be  precipitated  as  the  hydroxide,  carbonate  or 
sulL  Ut.  depending  on  the  environmental  conditions  encountered. 

The  aquatic  toxicity  of  lead  to  the  aquatic  environment  is  wail 
documented  (Lambou  and  Lim,  1970),  Bioaesay  data  available  indicate  that 
lead  i*  more  toxic  in  soft  water  (lees  than  SO  ppm  CaC03)  than  in  hard  water 
systems.  Thle  difference  in  toxicity  is  dus  to  the  unavailability  of  ionic 
lead  in  hard  water  eystema, 

Losaaa  of  lead  aalicylat*  from  Radford  AAP  operation*  to  tha  New 
River  are  estimated  at  45-150  lb/month.  Lead  aalicylat*  has  a low  eolubility 
in  cold  water  and  moat  of  th*  compound  will  ba  found  in  the  aadiment.  A 
study  by  Weitzal  *t  al,  (1976)  appears  to  confirm  this  conclusion.  They 
found  total  lead  levels  in  New  Rivsr  wstsr  to  bs  between  1-2  ppb.  Laid  lavsls 
in  the  sediment  averaged  greater  than  100  ppm. 

Tha  acuta  affects  of  lead  aalicylat*  on  th#  aquatic  organiama  in 
Naw  River  era  probably  minimal,  However,  th*  long  term  accumulation  of  lead 
compound*  in  th*  sediment  would  gradually  increase  th#  toxicity  of  cha 
■adiment  in  Naw  River  near  Radford  AAP  and  further  downriver  where  sediment 
perticlas  would  accumulate, 


(IX- 14) 


3.  Toxicity  to  Microorganisms  and  Invertebrates 

No  data  on  the  toxicity  of  lead  salicylate  to  microorganisms  or 
invertebrates  was  found  in  the  literature. 

4.  Phytotoxicity 

No  phytotoxic  information  on  lead  salicylate  was  encountered. 
However,  phytotoxic  data  on  lead  was  obtained  and  may  be  indirectly  re- 
lated. 


The  pattern  of  lead  uptake  by  plants  has  been  rarely  studied  and 
little  can  be  concluded  about  the  mechanism  involved.  The  uptake  of  lead 
was  reported  constant  with  Increasing  levels  of  soil  lead,  until  a certain 
point  is  reached  when  uptake  becomes  unrestricted  and  rises  abruptly  (Nicolls 
etal.,  1963). 

Only  soluble  lead  salta  and  ionic  lead  are  available  to  plant 
roots.  The  uptake  of  lead  by  ryegrass  grown  in  a solution  containing  lead 
is  shown  in  Table  IX-2  (Happla,  1972).  The  total  content  of  lead  in  roots 
plus  shoots  of  perennial  ryegrass  increases  with  increasing  levels  in  the 
soil.  The  roots  take  up  lead  readily  but  pass  on  only  a small  proportion 
to  the  shoots.  Thus,  the  roots  act  as  a barrier  which  restricts  the  move- 
ment of  lead  salt  through  the  plant  to  growing  animals.  During  winter 
months  when  plant  growth  is  low,  a considerable  Increase  in  the  lead 
contents  of  the  ryegrass  shoots  was  observed.  An  8-fold  increase  in  total 
lead  content  of  a soil  did  not  cause  any  significant  increase  in  the  lend 
content  of  bromegrass  grown  on  the  soil  in  a greenhouse  (Motto  et  al,  , 1970). 

Corn  was  grown  in  the  field  where  lead  acetate  had  been  aoll-applied 
at  tight  rataa  ranging  from  0 to  3,200  kg  lead/ha.  No  changa  in  amergance, 
plant  height,  grain  yiald,  color,  maturity  or  othar  growth  dlffarancas 
were  obaervad  during  the  2-year  study  (Baumhardt  and  Welch,  1972). 

Five  crops  (cauliflower,  tomatoes,  cabbage,  strawberries  and 
Valencia  oranges)  wars  analysed  for  their  lead  content  by  Schuck  and  Locke 
(1970).  Theas  plants  revealed  little  inclinations  to  absorb  lead  via  their 
root  ayatem  (Schuck  and  Locke,  1970). 

5.  Availability  of  Literature  for  Phaaa  II 

There  la  vary  little  recent  U.S.  literature  on  laad  salicylate. 
Toxicolgical  and  environmental  information  would  have  to  come  from  the  foreign 
literature  and  the  manufacturers  files. 
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Table  IX-2.  Lead  Uptake  by  Perennial  Ryegraaa  Grown 
in  Solution-Culture  (Hepple,  1972). 


Pb  content  of  plants  at  14  days  after 
addition  to  solution 


added 

to  solution 

Soots 

Shoots 

(ppm) 

(Ug) 

(ppm) 

(ug) 

(ppm) 

(ug) 

0»4* 

400 

98 

201 

3 

37 

l*0t 

12500 

3696 

9610 

104 

1055 

* In  1 liter  of  static  solution-culture;  controlled  environment, 
experiment. 


t In  12.5  liter  of  flowing  solution-culture;  glass-house  experiment. 


' f 


! 

l ‘i 
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H.  Regulations  and  Standards 

j ’ 

] 1.  Air  and  Water  Standards 

j.  There  are  no  air  and  water  standards  specific  for  lead  salicylate. 

| However,  criteria  have  been  set  for  lead  in  potable  and  effluents  (SPA,  1976). 

1 For  potable  water  the  lead  content  can  be  no  greater  than  50  yg/1.  Due  to 

t the  variability  of  lead  solubility  and  toxicity  in  different  waters , the 

| following  criterion  has  been  set  for  effluents  (using  the  receiving  water 

J as  a diluent) . 

- 0.01  times  the  96-hour  LC50  value  expreseed  as  dissolved  lead 

' for  the  most  sensitive  species. 

This  criterion  requires  that  96-hour  LC50  test  be  performed  with  the  actual 

) water  samples  and  the  most  sensitive  species  in  the  local  ecosystem. 

/ 

, 2.  Human  Exposure  Standards 

! Ho  specific  standards  for  lead  aallcylate  have  been  set  for 

occupational  exposure  to  this  chemical.  However,  a criteria  document 
has  recommended  an  air  standard  of  15ft  yg(Pb)/m^  for  lead  stearate  ( NIOSH, 

1977).  A similar  TLV  for  lead  salicylate  should  afford  workers  adequate 
protection. 

! I • Conclusions  and  Recommendations 

During  the  preliminary  problem  definition  study,  we  have  attempted 
to  evaluate  the  military  and  civilian  usage  and  pollution  of  lead  salicylate. 

Due  to  the  proprietary  nature  of  the  civilian  production  of  this  chemical, 
only  estimates  can  be  made  of  the  percentage  of  the  civilian  production 
of  lead  salicylate  used  by  the  Army,  It  is  estimated  that  the  Army  uses 
1/3  to  1/2  of  the  amount  of  this  compound  produced  in  the  United  States 
each  year.  The  Army’s  propellant  production  is  also  probably  the  main  source 
of  pollution  of  this  chemical. 

Lead  salicylate  is  toxic  to  mammals,  being  absorbed  through  the  skin. 

! Its  toxicity  to  aquatic  organisms  is  probably  low.  Accumulation  of  the  lead 

salicylate  and  load  resulting  from  breakdown  of  this  compound  is  expected  to 
occur  in  the  sediment  of  the  New  River. 

Cased  on  the  information  uncovered  in  this  study,  the  following  studies 
are  recommended 

- Phase  II  detailed  analysis  of  the  toxicological  and  environmental  j 

> literature 

L'  I ) 

- analysis  of  sediment  samples  and  biota  to  determine  accumulation 
of  lead  salicylate 

| ! 

- aquatic  toxicity  studies  may  be  warranted  depending  on  the 
results  of  the  Phase  II  study. 
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SUMMARY 

Lead  stearate  la  uaad  In  tha  barmite  gralna  and  tha  ROLAND  propallant 
aa  a burning  rata  modifier.  Thaaa  propellants  ara  not  currently  being 
produced  by  tha  Army.  If  thaaa  propallanta  ware  produced  at  full  capacity, 
500  lb /month  of  lead  ataarata  would  be  uaad  at  Radford  AAP. 

The  civilian  production  of  lead  stearate  was  1,254,000  lb/yaar  in  1976. 
Thia  compound  la  used  aa  a general  purpose  and  high  pressure  lubricant  and 
heat  stabiliser  for  PVC  compounds.  Due  to  its  many  civilian  uses,  pollution 
from  civilian  uses  of  lead  ataarata  la  expected  to  be  wide  spread. 

Lead  ataarata  is  moderately  toxic  to  mammals.  Tha  toxicity  of  this 
compound  to  aquatic  organiama  la  unknown.  However  due  to  ita  limited 
aolubllity,  the  aquatic  toxicity  should  be  low  unless  it  la  hydrolysed  to 
free  lead. 

Lead  ataarata  la  not  a military  unique  chemical.  Becuaaa  of  the  limited 
use  of  this  compound  in  propallant  production,  further  studies  by  the  Army 
should  be  of  low  priority. 


FOREWORD 


This  report  details  the  results  of  a preliminary  problem  definition 
study  on  lead  stearate.  The  purpose  of  this  study  was  to  determine  the  Army's 
responsibility  for  conducting  further  research  on  lead  stearate  in  order  to 
determine  its  toxicological  and  environmental  hasards  so  that  effluent  . 
standards  can  be  recommended.  In  order  to  determine  the  Army's  responsibility 
for  further  work  on  lead  stearate, the  military  and  civilian  usage  and  pollu- 
tion of  this  chemical  were  evaluated.  In  addition,  a preliminary  overview 
of  toxicological  and  environmental  hazards  was  conducted. 

Lead  stearate  was  only  one  of  the  48  chemicals  evaluated  under  Phase  IA 
of  contract  No.  DAMD17-77-C-7057.  These  chemicals  are  grouped  in  four 

categories 


- explosives  related  chemicals 

- propellant  related  chemicals 

- pyrotechnice 

- primers  and  tracars 

Each  catagory  is  a major  report.  Section  1 of  each  report  is  an  overview  of 
the  military  processes  which  use  each  chemical  and  the  pollution  resulting 
from  the  v e of  these  chemicals.  The  problem  definition  study  reports  on 
each  chem-oal  are  separable  sections  of  these  four  reports. 

In  addition, a general  methodology  report  was  also  prepared.  This  report 
describes  the  search  strategy  and  evaluation  methodology  utilized  for  this 
study. 
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X.  LEAD  STEARATE 


A.  Alternate  Names 

Lead  stearate  la  a metallic  soap  used  as  a stabiliser  for  polyvinyl 
compounds.  It  exists  in  several  forms  dapending  on  the  conditions  of  manu- 
facture. The  pertinent  alternate  names  for  the  various  lead  stearate  compo- 
sitions are  given  below: 


Normal  Lead  Stearate 


Molecular  Formula: 

Molecular  Weight: 

CAS  Registry  No.: 

Replaces  CAS  Registry  No's.: 

CA  Name  (9C1) : 

CA  Name  (SCI) : 

Wisweaser  Line  Notation: 
Synonyms : 


Ci8H3$02*l/2Pb 
774.15  g/mole 
1072-35-1 

5150-54-9}  11097-78-2; 

15737-12-9}  37223-82-8 
Octadecanoic  acid,  lead  (2+)  aalt 
Stearic  acid,  lead  (2+)  aalt 
QV17  & 2Pb 

Lead  distearatai  Lead(II)  stearate} 
Lead(2+)  stearate;  Normal  lead 

stearate 


Neutral  Lead  Stearate 


Molecular  Formula: 

CAS  Registry  No. : 

Replaces  CAS  Registry  No's.: 
CA  Name  (9C1) : 

CA  Name  (8CI) : 

Wisweaser  Line  Notation: 
Synonyms : 


Ci8H3502***b 

7428-48-0 

16893-63-3;  37223-94-2 


Octadecanoic  acid,  lead  salt 
Stearic  acid,  lead  pelt 
QV17  6 -Pb 

Austrostab  110E;  Lead  octadecanoate; 
Lead  stearate;  Llstab  28;  Neutral 

lead  stearate 


Dibasic  Lead  Stearate 


Molecular  Formula: 
CAS  Registry  No.: 
CA  Name  (9CI) : 
Synonyms : 


Unknown 

52652-59-2 

Octadecanoic  acid,  lead  salt,  dibasic 
Lead  stearate,  dibasic 


B.  Physical  Properties 


The  physical  properties  of  the  lead  stearates  are  presented  in 
Table  X-l. 
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Table  X-l.  Physical  Propertied  of  Lead  Stearate. * 


Normal  Lead  Stearate 

Physical  Form  (?  20°C: 
Color: 

Odor: 

M.P.: 

B.P.: 

Refractive  Index: 


Specific  Gravity: 
Flaah  Point: 
Solubility: 


Dibaaic  Lead  Stearate 

Physical  Form  @ 20°C: 
Color: 

M«  P . : 

Specific  Gravity: 


*Referencea:  Hodgman  $t  al,  , 1963; 

Kirk  and  Othmer,  1965 


solid  powder 
white 
fatty 
115. 7°C 

1.877,  1.822,  1.894 

soluble  in  toluene,  turpentine,  hot 

mineral  oil 

1.34  g/cer 

232°C 

water  - 0.005g/100g  ® 35°C 
0. 006g/100g  9 50°C 
ethyl  ether  - 0.005g/100ml  9 14.5°C 
insoluble  in  alcohol 


ftolld  powder 
white 
decompoeee 
2.00 


Sax,  1975;  Witco  Chemical,  1978; 
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C.  Chemical  Properties 


1.  General  Reactions 

Detailed  Investigations  into  the  chemical  behavior  of  lead  stearate 
have  not  been  reported  in  the  literature.  Lead  stearate  is  slightly  soluble 
in  water  (0.005  g/lOOg).  Hydrolysis  is  expected  to  occur  step-wise » 

Pb(OOC“C17H35)2  Pb(OOC"C17H35)+  + HOOC-C17H35,^=±  Pb**  + HOOC-C17H35 

This  hydrolysis  and  thus  the  solubility  of  lead  stearate  should  Increase  as 
the  pH  decreases.  In  solutions  of  high  pH,  lead  staarate  would  be  expected 
to  form  soluble  basic  salts.  These  reactions  will  occur  in  the  anvlronmant 

depending  on  the  conditions  encountered. 

2 , Sampling  and  Analysis 

Quantitative  analysis  of  organolead  compounds  may  be  accomplished 
by  removing  the  organic  constituent  by  oxidation.  The  resulting  lead  oxide 
may  be  determined  by  atomic  absorption.  Lead  may  also  be  determined  color- 
lmetrlcally  with  dlthizone.  The  red  lead  dithieonate  la  quantitated  by 
absorption  at  520  nm  (Frsnson,  1975). 

D.  Uses  in  Army  Munition! 

1.  Purposes 

Lead  stearate  is  used  in  conjunction  with  lead  salicylate  as 
burning  rate  modifiers  in  bermlte  grains.  The  amount  of  lead  stearate  in 
the  formulation  la  0.58.  Lead  stearate  la  also  used  in  the  ROLAND  propellant 
formulation.  Propellants  containing  lead  ataarato  are  not  in  current  Army 
production.  However,  they  have  been  produced  In  the  past  at  Radford  AAP, 
Badger  AAP  and  Sunflower  AAP. 

2.  Quantities  Used 

a.  Historical  Use 

Radford  AAP  procured  27,127  lb  of  lead  stearate  during  the 
period  1968-1977.  In  1972  and  1973,  the  purchase  rates  were  6,450  and  10,000 
lb,  respectively.  Production  statistics  do  not  show  sny  use  of  lead  staar- 
ate In  propellants  during  the  period  1968-1977,  however. 

The  specific  amounts  of  this  lead  compound  purchased  by 
Radford  AAP  during  1968-1977  are  listed  below  (Watts,  1978) t 

1968  _19_69  1970  1971  1972  1973  1924  1975  1976  1977 

1,500  5,100  2,250  0 6,450  10,000  “ 0 844  733  250 
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b.  Current  Use 

Le«d  stearate  is  not  currently  used  in  the  manufacture  of 
propellants  at  Radford  AAP.  Plans  for  future  use  of  lead  stearate  are 
uncertain, 

c.  Use  at  Full  Mobilisation 

The  full  mobilization  use  rate  of  lead  stearate  at  Radford 
AAP  would  be  approximately  300  lb/month  for  bsraite  grain  and  ROLAND  pro- 
pellant production. 

3.  Documented  or  Speculated  Occurrences  in  Air  or  Water 

The  actual  concentration  of  lead  stearate  in  waste  streams  has  not 
been  measured.  Its  use  tends  to  be  sporadic,  therefore  most  of  the  time  no 
lead  stearate  is  being  discharged.  When  lead  stearate  la  in  use,  losses  would 
be  expected  from  chemical  preparation  operations  and  from  solvent  processing 
operations.  This  operation  could  lead  to  lossae  of  10  to  50  lb/month,  ^501 
of  which  would  be  expected  to  appear  in  the  effluent  streams  which  antsr  the 
New  River. 

e.  u&agjjnj^t.  ii  ivUSmmits. 

1.  Production  Methodology 

The  manufacture  of  lead  atearate  consists  of  two  chamical  stapes 

(1)  CH3(CH2)]6COOH  + NaOH  > CH3(CH2>i6COONa  + H20 

(2)  CH3 ( CH2 ) i gCOONa  + Pb44 > (CH3(CH2)l6COO)2Pb  + 2Na4 

Ths  raactlona  are  run  as  batch  processes.  Stearic  acid  is  added 
to  en  aqueous  caustic  soda  solution  to  make  a 51  aodlum  stearate  eolution. 

A 10-151  lead (II)  salt  solution  is  added  slowly  and  lead  atearata  precipi- 
tates. The  slurry  is  filtered,  then  washed.  The  crude  lead  atearate  is 
dried  and  ground  to  uniform  particles)  (Kirk  and  Othmer,  1965). 

2.  Manufacturers,  Production  and  Capacity 

The  manufacturers  of  lead  stearate  are  Hated  below: 


Table  X-2.  Manufacturers  of  Lead  Stearate 


Diamond  Shamrock  Corporation 
NL  Industries  Incorporated 
The  Norac  Company 
Smith  Chemical  and  Color 
Witco  Chemical  Corporation 


Cedar town,  Georgia 
Philadelphia,  Pennsylvania 
Lodi,  Ntw  Jerssy  ■ 
Jamaica,  Nsw  York 
Clearing,  Illinois 
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Diamond  Shamrock,  NI  Industries,  and  the  Norac  Company  also  manufacture  di- 
basic lead  stearate  (S.R.I.,  1977).  Individual  plant  capacities  are  unavail- 
able. In  1976,  U.S.  production  of  lead  stearate  was  1,254,000  lb.  Total 
metal  stearate  salt  production  was  over  80  million  pounds  ( U.S.  Tar tiff 
Commission,  1976). 

3.  Usages 

Lead  stearate  is  used  as  a general  purpose  and  high  pressure  pro- 
cessing lubricant  and  medium- of ficiency  heat  stabilizer  for  translucent  and 
opaque  PVC  compounds  (Witco  Chemical,  1978).  The  stabilizing  effect  Is 
due  to  its  ability  to  accept  hydrogan  chloride.  It  is  also  used  as  a drier 
in  paints  and  vurnlshes  (Hawley,  1977). 

4.  Future  Trends 

Prior  to  1976,  U.S.  production  of  lead  stearate  was  too  small  to 
be  reported  separately  from  other  metal  stearates.  Production  1b  now  greater 
than  one  million  pounds  per  year.  We  ere  aware  of  nc  anticipated  major 
changes  in  the  civilian  lead  stearate  market. 

5.  Documented  or  Speculated  Occurrences  in  the  Environment 

There  are  no  reports  of  lead  stearate  discharges  into  tha  environ- 
ment from  civilian  production  or  use*. 

F.  Comparison  of  Military  and  Civilian  Uses  and  Pollution 

In  1976,  Radford  AAP  purchaaad  733  lb  of  lead  atoarata.  This  purchase 
represented  only  0.06%  cf  tha  lsad  atearata  producsd  by  ths  civilian  community. 
At  full  mobilization,  Radford  AAP ' s use  of  lead  stearate  would  reach  500  lb/ 
month  or  6000  lb/yr.  If  Sunflower  and  Badger  AAPs  also  each  used  6000  lb/yr 
at  full  mobilization,  than  tha  maximum  military  usage  would  be  18,000  lb/yr. 
This  number  represents  only  1.4%  of  the  1976  civilian  production. 

The  main  pollution  from  laad  ataarata  is  dua  to  tha  potential  release 
of  laad  in  tha  environment.  Potential  releases  of  ss  much  ss  1800  lb  of 
lead  stearate  per  year  from  Radford  AAP,  Badger  aAP,  and  Sunflower  AAP  could 
occur  at  full  mobilization.  However,  the  quantity  of  laad  antaring  the 
environment  f.om  laad  atearata  in  propellant  manufacture  is  insignif leant 
compered  to  that  entering  tha  environment  from  other  sources  such  ss  lsad 
mining,  refining,  gasoline  additivaa,  etc. 

G,  Toxicological  and  Environmental  Hazards 

1.  Toxicity  to  Manuals 

The  metallic  stearates  are  widely  used  throughout  the  civilian 
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industry  as  stabilisers  in  polyvinyl  chloride  polymers.  Although  the  lend 
stearate  is  used  in  relatively  small  amounts  in  the  polyvinyl  chloride  poly- 
mers, many  workers  come  in  contact  with  it  for  long  periods  of  time. 

Callie  «t  al  . , (1971)  have  reported  cases  of  lead  poleoning  among  factory 
workers  engaged  in  the  manufacture  and  use  of  lead  etearate  as  well  as  those 
handling  the  products  containing  this  compound. 

In  order  to  determine  the  potential  hasards  of  the  metal  stearates 
to  workers,  Russian  scientists  have  studied  the  acute  and  chronic  effects  of 
the  metal  stearates  on  rats.  Thsy  admlnisttred  monobasic  and  dibasic  lead 
staarsta  to  rats  for  ssvsral  months  by  intratrachasl  instillation  (Tarssenko 
«t  al  . , 1976).  The  affect*  on  lung  tissua  at  various  times  and  dosas  is 
presented  in  Tsbls  X-3.  they  found  46.6  of  the  enimsls  died  when  given  50 
mg  of  leed  stearate  intratracheally j 40X  died  when  25  mg  of  dibasic  lead 
etearate  waa  administered  in  the  seme  manner.  In  these  experiments,  Tara- 
senko st  al,  (1976)  observed  the  toxic  effects  of  5 mg  of  metal  ataarate 
administered  by  intratrachasl  instillation  dactaaaa  in  tha  erdar  Cd>Ba>Ca> 
Zn>Pb.  This  ordarlng  show*  that  tha  changa  in  toxicity  of  the  metals  bound 
to  atesric  acid  corresponds  to  their  physical  properties, 

Taraaanko , et  al  ,,  (1976)  indicate  that  the  matul  stearates  which 
they  studied  (Including  mono-  and  dibasic  lsad  stearste)  era  abaorbad  through 
tha  skin.  This  statement  is  in  direct  contrast  to  claims  by  Witco  Chemical 
Company,  Wltco  claims  that  lt*ad  atearata  is  not  abaorbad  through  tha  akin. 
Further  evaluation  of  tha  original  Russian  lltsraturc  and  of  othar  toxicolo- 
gical studies  on  lead  stearate  la  necessary  to  clarify  this  point. 

2.  Aquatic  Toxicity 

Soluble  leed  compounds  can  be  highly  toxic  to  orgenlama  present  in 
the  aquatic  environment.  Normal  levels  of  laad  in  natural  water  eystama  art 
last  than  10  ppb  (Ettlnger,  1967).  Typical  values  for  total  laad  in  fish 
are  0.5  ppm  (Bowen,  1966).  The  available  bioaasey  data  Indicate  that  a level 
of  100-200  ppb  of  leed  can  ba  toxic  to  fish  (Lambou  and  Lim,  1970) . Laad 
compounds  ware  also  shown  to  be  much  wore  toxic  in  soft  water  (less  then 
50  ppm  CaCOj)  then  in  herd  water.  This  increase  in  toxicity  is  dua  to  the 
availability  of  ionic  laad  to  tha  organisms  in  soft  water. 

Only  one  study  wee  retrieved  from  the  literature  which  dealt  speci- 
fically with  the  aquatic  toxicity  of  laad  acaarata.  Burton  (1971)  found  .o 
lethal  affects  when  bluegills  (Lapomit  moroahirua)  were  exposed  to  150  ppm 
of  lead  etearate,  Tha  water  characteristics  for  this  study  verei  pH  7.3- 
8.3  and  hardness  35-51  ppm  CaCO^.  Burton's  data  correlates  with  that  of 
Lambou  and  Llm  (1970)  and  Aronaon  (1971).  In  studies  conducted  by  Lambou 
and  Llm  (1970) , no  toxic  response  was  observed  when  f ieh  were  exposed  to 
Insoluble  leed  compounds.  Carbonate  end  organic  ligand  leed  compounds  wars 
also  shown  to  have  a low  toxicity  no  fish  (Aronaon,  1971), 
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Table  X-3.  Effects  of  Intratracheal  Instillation  of  Lead 

Staarataa  on  Lung  Tissues  (Tarasenko  et  al . , 1976). 


Compound 

Dose 

Tima 

Monobasic 

lead  stearate 

10 

4 months 

tl  II 

50 

2 months 

II  tl 

50 

6 months 

Dlbaaic 

lead  stearate 

5 

4 months 

m ii 

25 

2 months 

n ii 

25 

8 months 

Observation 


proliferation  of  adventitial  calls 
vasculititus 

lesions  of  blood  vassal  bad;  in- 
creased vascular  permeability; 
swelling  and  plasnorrhagla  of  the 
walls  of  small  arteries 

marked  sclerosis  with  foci  of 
chronic  alveolar  emphysema 


mild  peribronchial  sclerosis 

peribronchial  sclerosis;  bronchial 
lesions 

foci  of  bronchiectases  with  peri- 
bronchial sclerosis;  emphysema 


L 


h 

t 


Lead  ataarate  la  not  used  In  propallant  formulations  ourrantly 
balng  produoad  at  Radford  AAF.  At  full  mobilisation*  Radford  AAP  would  uaa 
'V'SOO  lb  /month  of  laad  staarata.  Effluanta  to  tha  Maw  Rivar  oould  ba  aa  high 
as  25  lb/month.  However,  othar  laad  compounds  ara  uaad  in  significantly 
largar  quantities  than  tha  staarata*  a.g.,  laad  aalicylata.  Thsrafora,  laad 
staarata  lossas  do  not  hava  a significant  Impact  on  tha  laad  lavals  in  tha 
New  Rivar. 

3.  Toxicity  to  Microorganisms 

No  specific  microorganism  toxicity  data  was  found  on  laad  staarata. 
However,  laad  concentrations  of  1,0  ppm  ware  found  to  ba  toxic  to  aerobic 
bactaria  (McKee  and  Volf*  1963).  Microbial  decomposition  is  inhibited  by 
0.1  to  0.5  ppm  of  laad. 

4.  Phytotoxlclty 

No  phytotoxic  information  on  laad  staarata  was  encountered.  How- 
ever, phytotoxic  data  on  leod  was  obtained  and  may  ba  indirectly  related. 

Tha  pattern  of  load  uptake  by  plants  has  bean  rarely  studied  and 

little  can  ba  concluded  about  the  mechanism  involved.  Tha  uptake  of  laad 
was  reported  constant  with  increasing  levels  of  soil  laad*  until  a certain 
point  is  raachad  whan  uptake  becomes  unrestricted  and  rises  abruptly 
(Nlcolls  at  al,t  1965). 

Only  soluble  laad  salts  and  ionic  laad  ara  available  to  plant 
roots.  Tha  uptake  of  laad  by  ryegrass  grown  in  a solution  containing  laad 
is  shown  in  Table  X-4  (Heppla,  1972).  Tha  total  content  of  laad  in  roots 
plus  shoots  of  perennial  ryegrass  increases  with  increasing  lavals  in  the 
soil.  Tha  roots  take  up  laad  readily  but  pass  on  only  a small  proportion 

tu  the  shoots.  Thus*  the  roots  act  as  a barrier  which  restricts  the  move- 

ment of  laad  salt  through  tha  plant  to  growing  animals.  During  winter 
months  whan  plant  growth  is  low,  a considerable  increase  in  the  laad  con- 
tents of  tha  ryegrass  shoots  observed.  An  8-fold  lncraasa  in  total  laad 
content  of  a soil  did  not  causa  any  significant  increase  in  the  laad  con- 
tent of  bromagraaa  grown  on  tha  soil  in  a graanhouss  (Motto  at  at. 4 1970). 

Corn  waa  grown  in  tha  field  where  laad  acauate  had  bean  aoil- 
appliad  at  eight  rataa  ranging  from  0 to  3,200  kg  lead/ha.  No  changes  in 
emergence,  plant  halght,  grain  yield*  color*  maturity  or  other  growth 
differences  ware  observed  during  tha  2-yuar  study  (Baumhardt  and  Valch* 

1972). 

Five  crops  (cauliflower,  tomatoes*  cabbage*  strawberries  and  val- 
ancla  orangaa)  ware  analysed  for  their  laad  content  by  Schuck  and  Looks 
(1970),  These  plants  revealed  little  inclination  to  absorb  laad  via  their 
root  system  (Schuck  and  Looks*  1970), 
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Table  X-4.  Lead  Uptake  by  Perennial  Ryegrass  Grown 
In  Solution-Culture  (Happlai  1972). 


Laval  of  Pb 
added  to  solution 


Pb  content  of  plants  at  14  daya  after 
addition  to  solution 


Roots  Shoots 


(ppm) 

(vg) 

(ppm) 

(us) 

(ppm) 

(y8) 

0.4* 

400 

98 

201 

3 

37 

l*0t 

12500 

3696 

9610 

104 

1055 

I ' ' ' 

I * In  1 liter  of  static  solution-culture ; controlled  environment 

experiment. 

t In  12.5  liter  of  flowing  solution-culture;  glass-house  experiment. 
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H.  Regulations  and  Standards 


1.  Air  and  Water  Standards 

Thera  are  no  air  and  water  standards  specific  for  lead  stearate. 
However  criteria  have  been  set  for  lead  in  potable  and  effluents  (EPA,  1976). 
For  potable  water, the  lead  content  can  be  no  greater  than  30  ug/1.  Due  to 
the  variability  of  lead  solubility  and  toxicity  in  different  watere,  the 
following  criterion  has  been  sat  for  effluents  (using  the  receiving  water 
as  a diluent). 


- 0.01  times  the  96-hour  LC30  value  expressed  as  dissolved 
lead  for  the  most  sensitive  species. 

This  criterion  requires  that  96-hour  LC50  test  be  performed  with  the  actual 
water  samples  and  the  most  sensitive  apacies  in  the  local  ecosyetem. 

2.  Human  Exposure  Standards 

Mo  specific  standarda  for  lead  stearate  have  bean  set  for 
occupational  exposure  to  this  chemical.  However , a criteria  document  has 
recommended  an  air  standard  of  150  ug(Pb)/m3  for  lead  stearate  (N10SH,  1977). 

1.  Conclusions  and  Recommendations 

In  order  to  assess  the  Army's  responsibility  for  conducting  further 
work'  on  lead  stearate,  the  data  presented  in  this  report  was  gathered 
and  evaluated.  After  evaluation  of  thia  data,  the  following  conclusions 
were  drawn: 

- lead  stearate  is  not  a military  unique  chemical 

- the  civilian  production  is  >1  million  lb /year 

- lead  stearate  is  used  for  a variety  of  purposes  in  the  civilian 
community  which  leads  to  widespread  pollution 

- the  Army's  use  of  this  compound  la  sporadic  and  any  future 
use  is  uncertain 

- although  lead  stearate  is  toxic  to  mammals,  it  is  probably 
relatively  non-toxic  to  aquatic  organisms;  however,  it  could 
be  bioaccumulated. 

As  a result  of  this  preliminary  problem  definition  study,  it  is  concluded 
that  toxicological  and  environmental  evaluations  of  this  compound  are 
a civilian  problem.  Thus,  further  studies  on  this  compound  by  the  Army 
should  be  a low  priority. 
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SUMMARY 


Lead  raaorcylata  was  developed  in  1965  by  Nt  Industries.  Information 
on  thia  compound  ia  non-exiatent  in  tna  litaratura.  Thara  are  no  raportad 
civilian  uaaa  of  laad  raaorcylata.  Thu a it  appaara  that  the  Army* a propallant 
manufacture  accounta  for  all  civilian  production  of  thia  compound. 

Laad  raaorcylata  ia  a military  uniqua  chemical.  Further  atudiea  on  thia 
compound  by  tha  Army  ara  recommended.  Thaae  atudiea  ahould  include 

- A Phaaa  11  detailed  toxicological  and  environmental 
evaluation 

- Determination  of  eome  of  tha  phyaical  and  chemical 
propartlaa  of  thia  compound  if  they  can  not  be 
obtained  from  tha  manufacturer 

- Sampling  and  analyaia  of  Bailment  and  biota  at 
Radford  AAP  to  determine  tha  amount  of  accumulation 

- Aquatic  toxicity  and  bioaccumulation  atudiea  if  tha 
Phaaa  II  atudy  lndicataa  tha  need  for  thia  raaaarch 

- Mammalian  akin  toxicity  atudiea. 
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FOREWORD 


Thii  report  details  the  results  of  a preliminary  problem  definition 
atudy  on  lead  reaorcylate.  The  purpose  of  Chis  study  was  Co  determine  the 
Army's  responsibility  for  conducting  further  research  or  lead  reaorcylate  in 
order  to  determine  its  toxicological  and  environmental  hazards  so  that 
effluent  standards  can  be  recommended.  In  order  to  determine  the  Army's  re- 
sponsibility for  further  work  on  lead  reaorcylate!  the  military  and  civilian 
usage  and  pollution  of  this  chemical  were  evaluated.  In  addition,  a pre- 
liminary overview  of  toxicological  and  environmental  hazards  was  conducted. 

Lead  resorcylste  was  only  one  of  the  48  chemicals  evaluated  under  Phase 
IA  of  contract  No.  DAMD17-77-C-7057,  These  chemicals  are  grouped  in  four 
categories 


- explosives  related  chemicals 

- propellant  related  chemicals 

- pyrotechnics 

- primers  and  tracers 

Each  category  is  a major  report.  Section  I of  each  report  is  an  overview  of 
the  military  processes  which  use  each  chemical  end  the  pollution  resulting 
from  the  use  of  these  chemicals.  The  problem  definition  study  reports  on 
each  chemical  are  separable  sections  of  these  four  reports. 

i 

In  addition  a general  methodology  report  was  also  prepared.  This  report 
describes  the  search  strategy  and  evaluation  methodology  utilized  for 
thio  study. 
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XI.  LEAD  RESORCYLATE 


A.  Alternate  Names 

Lead  resorcylate  is  a metallic  soap  formed  from  divalent  lead  and  resorcylic 
acid,  (,0()|,  . The  molecular  formula  of  this  compound  is  C7H5O4  xPb. 


CTI 


Pertinent  alternate  names  for  lead  resorcylate  are  listed  below: 


CAS  Registry  No.: 

20936-32-7 

CA  Maine  (9CI): 

Benzoic  acid,  2,4-dihydroxy, 
lead  3ft! t 

CA  Name  (8CI) : 

beta-r ssorcylic  acid,  lead  salt 

Synonyms : 

Lead  beta-roaurcylate;  Lead  2,4-dihy- 
droxybenzoate 

CAS  Registry  No.l 

41453-51-4 

Molecular  Formula: 

C7H404Pb 

CA  Name  (9CI): 

Benzoic  acid,  2,4-dihydroxv, 
lead (2+)  salt  Cl xl) 

Synonyma : 

2 ,4-dihydroxybenzoatolead (II ) 

CAS  Registry  No.: 

41453-50-3 

Molecular  Formula: 

C7H504*l/2  Pb 

CA  Name  (9CI): 

Benzoic  acid,  2,4-dihydroxy, 
lead (2+)  salt  (2:1) 

Synonyms : 

Bia (2 ,4-dihydroxybenzoata) lead (II) 

B.  Physical  Properties 

Lead  resorcylate  was  first  synthesized  in  1965  by  NL  Industries.  No 
3Ir«rature  on  its  physical  properties  is  available. 

C.  Chemical  Properties 

1.  General  Reactions 

Detailed  investigations  "nto  the  chemical  behavior  of  lead  resor- 
cylate have  not  been  reported  in  the  literature.  Lead  resorcylate  is 
83 ight.ly  soluble  in  water.  As  with  lead  stearate  and  lead  salicylate, 
step-wise  hydrolysis  is  expected  to  occur 

Pb<C7H504)2^±  Pb(C;H504r  + HOOC-C6H3(OH>2  ^ Pb'1-*’  + HOOC-C6H3(OH)2 
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This  hydrolysis  an  1 the  solubility  of  load  resorcylate  should  Increase  as  the 
pH  decreases,  in  solution  of  high  pH,  lead  resorcylate  would  be  expected  to 
form  soluble  basic  salts.  These  reactions  will  occur  in  the  environment  de- 
pending on  the  conditions  encountered. 


2.  Sampling  and  Analysis 

Quantitative  analysis  of  organolaad  compounds  may  be  accomplished 
by  removing  the  organic  constituent  by  oxidation.  The  resulting  laad  oxide 
may  ba  determined  by  atomic  absorption.  Lead  may  also  ba  determined  color- 
imetrically  with  dithizone.  The  red  lead  dithizonete  is  quantitated  by 
absorption  at  520  nm  (Franaon,  1975). 

Uses  in  Army  Munitions 

1.  Purposes 

Lead  resorcylate  is  used  in  the  production  of  double  base  propellants 
made  by  both  solvent  and  aolventleas  processes.  It  is  specified  in  the 
following  formulations: 


X lead  resorcylate  In  formulation 


ARP  casting  powder 
PNJ  casting  powder 
PNJ  for  TOW 
N-14 

NOSIH-AA-2 
NOSIH-AA-6 
NOS IH- AM- 2 
N-12 


2.93 

1.93 
2.5 
0.5 
0.3 
2.5 
2.0 


Lead  resorcylate  has  been  usad  in  the  past  by  Badger  AAP  and  Sunflower  AAP. 
Current  use  in  propellant  formulations  is  limited  to  Radford  MP,  however. 


2.  Quantities  Used 


a.  Historical  Use 


Radford  AAP  has  purchased  an  average  of  45.000  lb/year 
of  lead  resorcylate  over  the  period  1968-1977.  Propellant  production  rates 
account  for  7,060  lb/year  of  this  amount,  or  about  16X.  About  752  of  the 
lead  resorcylate  in  propellants  was  used  for  the  PNJ  and  N0SIH-/A-6 
formulations.  The  lead  resorcylate  which  is  not  accounted  for  in  propellants 
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<>84%)  wus  sene  to  other  facilities,  or  in  some  cases  returned  to  the 
vendor.  The  specific  amounts  of  this  lead  compound  purchased  by  Radford 
AAF  during  1968-1977  are  listed  below  (Watts,  1978): 


1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

189,300 

149,521 

398 

692 

14,335 

30,934 

24,034 

12,620 

23,537 

5,266 

b.  Current  Use 

During  197?  an  average  of  about  670  lb/month  of  lead  resor- 
cylate  was  used  at  Radford  AAF.  However,  use  of  this  chemical  is  sporadic. 

In  December  1977,  about  3000  lb  were  used  in  the  production  of  100,000  lb  of 
ARP  casting  powder,  or  about  4308  of  the  average  rate, 

c.  Use  at  Full  Mobilization 

The  full  mobilization  use  rata  of  lead  reBorcylata  at  Radford 
is  approximately  3000  lb/month. 

3.  Documented  or  Speculated  Occurrences  in  Air  or  Water 

The  actual  concentration  of  lead  resorcylate  in  waste  otreama  from 
propellant  manufacture  has  not  been  dstsrminsd.  Ths  uss  of  load  rasorcylato 
tends  to  be  sporsdlc,  ao,  much  of  the  time,  none  is  being  discharged.  When 
lead  resorcylate  is  in  use,  losses  would  be  expected  from  chemical  preparation 
operations  and  from  aolvant  processing  operations.  This  operation  could  laved 
to  losses  of  3-10%  of  the  amount  handled,  or  90  to  300  lb/month  at  the 
December  1977  use  rate.  Those  amounts  are  also  characteristic  of  full 
mobilization  use  rates.  It  is  probable  that  \l/2  of  all  the  lead  resorcylate 
lost  will  appear  in  effluent  streams  which  ultimately  reach  the  New  River. 

E.  Uses  in  the  Civilian  Community 

1.  Production  Methodology 

Lead  resorcylate  is  produced  by  the  reaction  of  litharge  (yellow) 
lead  lxide)  and  rasorcyllc  acid  (NL  Industries,  1976).  The  product  is  a 
mixture  of  the  mono  and  dibasic  salts: 


conn 

PbO  + 2 r Jj 4 H20  + 

Oil 


„ COO 


OH 


Oil 


Pb  + 


dibasic 


monobasic 
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The  precipitate  Is  filtered  and  the  reaction  medium  recycled  to  reclaim 
dissolved  material.  The  lead  reeorcylate  is  washed,  then  dried  under 
dust  collection.  Figure  Xl-1  is  a flow  diagram  of  the  process. 

2.  Manufacturers,  Production,  and  Capacity 

The  manufacturers  of  lead  reeorcylate  are  listed  below  (S.R.I.  1977) t 


Table  Xl-1.  Manufacturers  of  Lead  Reeorcylate. 


Shepherd  Chemical  Co. 
NL  Industries 


Cincinnati,  OH 

Oakland,  CA;  Philadelphia,  PA 


NL  Industries  also  manufactures  monobasic  lead  reeorcylate  (NL  Industries, 
19/8). 

Historical  production  figures,  plant  capacities,  end  details  of 
the  production  process  are  unavailable  due  to  their  proprietary  nature. 

3.  Usages 

There  are  no  reported  civilian  uses  for  lead  reeorcylate. 

A,  Future  Trends 

No  civilian  applications  for  lead  reeorcylate  ere  anticipated. 

5.  Documented  or  Speculated  Occurrences  in  the  Environment 

No  environmental  occurrences  of  lead  reeorcylate  from  the  manu- 
facturing processes  have  been  reported. 


laad  reeorcylate  la  a metallic  soap  which  is  not  used  by  the  civilian 
community  to  any  great  extent.  From  the  limited  information  obtained, 
the  major  end  possibly  the  sola  use  of  lead  reeorcylate  ia  in  propellants. 

The  Army  Ammunition  plants  (Radford,  and  Badger  and  Sunflower  when  operating) 
are  the  main  polluters  of  this  chemical.  Tha  pollution  from  laad  reeorcylate 
ia  minor  compared  to  the  total  amount  of  lead  entering  the  environment 
each  year.  However,  this  lead  compound  combined  with  lead  stearate,  lead 
salicylate  and  possibly  other  laad  compounds  could  have  a significant  effect 
on  the  aquatic  system  at  these  Army  Ammuntion  Plante. 
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G.  Toxicological  and  Environmental  Ha sards 

1.  Toxicity  to  Mammala 

'No  data  haa  baan  uncovared  in  tha  litaratura  on  tha  mammalian 
toxicity  of  laad  raaoroylata. 

2.  Aquatic  Toxicity 

No  raaaarch  haa  baan  conductad  to  datarmina  tha  toxicity  of  laad 
raaoroylata  to  aquatic  organisms.  Cairns  and  Dickson  (1971)  found  tha 
toxicity  of  a similar  organo-laad  compound  to  ba  low. 

Laad  raaoroylata  Is  probably  dagradad  partially  in  tha  wasta 
traatment  affluant.  However,  tha  ability  of  microorganisms  to  dagrada 
laad  raaoroylata  haa  not  baan  datarminad.  Tha  bioconcantration  of  laad 
is  usually  low,  but  organo-laad  compounds  could  bs  accutnulatad  in  a similar 
mannsr  as  mathyl-mercury . 

At  full  mobilisation,  as  much  as  150  lb  of  laad  raaoroylata  par 
month  could  entar  the  New  River  from  Radford  AAP,  Due  to  tha  low  aolubility 
of  laad  raaoroylata,  most  of  this  compound  will  ba  found  in  tha  sediment, 

Weitsal  at  at. (1976)  found  laad  levels  in  New  River  water  between 
1-2  ppb;  laad  levels  in  tha  sediment  averaged  over  100  ppm.  From  Weitsal  s 
study,  it  is  obvious  that  tha  sediment  acts  as  a sink  for  laad.  Tha  long 
term  affect  of  tha  accumulation  of  laad  compounds  in  tha  sediment  of  New 
River  could  ba  an  increased  toxicity  of  tha  sediment  to  aquatic  organisms. 

3.  Toxicity  to  Microorganisms  and  Invertebrates 

No  specific  toxicity  studias  of  lead  rasorcylata  with  microorganisms 
or  invertebrates  ware  reported  in  the  litaratura, 

A.  Phy to toxicity 

No  phytotoxic  information  on  laad  rasorcylata  was  encountered. 
Howavar,  phytotoxic  data  on  laad  was  obtained  and  may  ba  indirectly 
related. 

The  pattern  of  laad  uptaka  by  plants  has  baan  raraly  studiad  and 
llttla  can  ba  concluded  about  tha  mechanism  involved.  Tha  uptaka  of  laad 
was  reported  constant  with  increasing  levels  of  soil  lead,  until  a certain 
point  is  reached  whan  uptaka  becomes  unrestricted  and  rises  abruptly  (Nlcolls 
at  cl.,  1965). 

Only  soluble  laad  salts  and  ionic  lead  ara  available  to  plant 
roots.  Tha  uptaka  of  laad  by  ryegrass  grown  in  a solution  containing  laad 
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Table  XI-2.  Lead  Uptake  by  Perennial  Ryegrass  Grown 
in  Solution-Culture  (Hepple,  1972). 


Pb  content  of  plente  at  14  day*  after 
addition  to  eolution 


Level  of  Fb 
added  to  solution 


Roots 


Shoots 


is  shown  in  Tsbls  XI-2  (Hopple,  1972).  The  totsl  content  of  lead  in  roots 
plus  shoots  of  perennial  ryegrass  incrsasas  with  increasing  levels  in  the 
soil.  The  roots  take  up  lesd  readily  but  pass  on  only  a small  proportion 
to  the  shoote.  Thus,  the  roots  act  as  a barrier  which  restricts  the  move- 
ment of  lead  salt  through  the  plant  to  growing  animals.  During  winter 
months  when  plant  growth  is  low,  a considerable  increase  in  the  lead 
contents  of  the  ryegrass  shoots  was  observed.  An  8-fold  increase  in  total 
lead  content  of  a soil  did  not  cause  any  significant  increase  in  the  lead 
content  of  bromagraas  grown  on  the  soil  in  e greenhouse  (Motto  #fc  aZ,,  1970). 

Corn  was  grown  in  the  field  where  lead  acetate  had  been  soil-applied 
at  eight  rates  ranging  from  0 to  3,200  kg  lead/ ha.  Mo  changes  in  emergence, 
plant  height,  grain  yield,  color,  maturity  or  other  growth  differences  ware 
observed  during  the  2-year  study  (Baumhardt  and  Welch,  1972). 

Five  crops  (cauliflower,  tomatoes,  cabbage,  strawberriee  and 
Valencia  orangea)  were  analysed  for  their  lead  content  by  Schuck  and  Locke 
(1970).  These  plants  revealed  little  inclinations  to  absorb  lead  via  their 
root  system  (Schuck  and  Locke,  1970). 

5.  Availability  of  Literature  for  Fhase  11 

No  published  U.S.  literature  on  lead  resorcylate  was  found.  Data  on 
this  compound  would  have  to  come  from  the  manufacturers  files. 

H.  Regulations  and  Standards 

1.  Air  and  Water  Standards 

There  are  no  air  and  water  standards  specific  for  lead  resorcylate. 
However  criteria  have  been  set  for  lead  in  potable  and  effluents  (SPA,  1976) . 
For  potable  water  the  lead  content  can  be  no  greater  than  30  vg/1.  Due  to 
the  variability  of  lead  solubility  and  toxicity  in  different  waters,  the 
following  criterion  haa  bean  set  for  effluents  (using  the  receiving  water 
as  a diluent). 


- 0.01  times  the  96-hour  LC30  value  expressed  as  dissolved 
lead  for  the  most  sensitive  species. 

This  criterion  requires  that  96-hour  LC50  test  be  performed  with  the  actual 
water  samples  end  the  most  sensitive  species  in  the  local  ecosystem. 

2.  Human  Exposure  Standard* 

No  apecific  standard*  for  lead  resorcylate  have  been  eet  for 
occupational  exposure  to  thia  chemical.  However,  e criteria  document  has 
recommended  an  sir  standard  of  130  ug(Fb)/m^  for  lead  stearate  (N10SH,  1977). 
A similar  TLV  for  lead  rasorcylate  ahould  afford  workers  adequata  protection. 
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I.  Conclusion!  end  Racommandations 


Vary  Heels  lnfornseion  vss  uncovsrsd  on  lead  resorcylata.  This  infor- 
nation  lisa  in  ehs  filsa  of  ths  manufactursr . Hovavsr , it  appsars  that  laad 
rasorcylaes  is  ussd  solsly  by  ehs  Army  in  propallant  tnanufactura.  It  is 
ehus  racommandad  chat  this  compound  ba  includsd  in  ths  Phass  II  study.  In- 
cludad  in  this  sffort  should  ba  a visit  to  ths  manufactursr  and  discussion 
with  ths  parsotmal  who  worksd  on  this  compound.  In  addition, it  is  racommandad 
that  ths  following  studios  ba  initlatsd  by  ths  Army 

* datarmination  of  soma  of  ths  physical  and  chtmical  propartias 

of  this  compound  if  thay  can  not  bs  obtainad  from  ths  manufactursr. 

* sampling  and  analysis  of  ssdimsnt  and  biota  at  Radford  AAP  to 
datsrmins  ths  amount  of  accumulation  of  laad  rssorcylats 

* mammalian  skin  toxicity  studios 

- aquatic  toxicity  and  bloaccumulatlon  studios  if  ths  Phass  II 
study  indicatss  ths  nssd  for  this  rasaarch. 
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List  of  Abbreviations 


@ - at 

AAP  - Army  Ammunition  Plant 

avg  - average 

BAAP  - Badger  Army  Ammunition  Plant 

BOD  - Biological  Oxygen  Demand 

BODS  - S day  Biological  Oxygen  Demand 

B.P.  - Bolling  T it 

Bu  - Butyl 

°C  - Degrees  Centigrade 

CA  - Chemical  Abstracts  Service 

CH2O  - Formaldehyde 

8C1  - 8th  Centennlel  Index 

9CT  - 9th  Centennlel  Index 

cm"l  - Wave  Number 

CO2  - Carbon  Dioxide 

COC  - Cleveland  Open  Cup 

COD  - Chemical  Oxygen  Demand 

Cp  - Heat  Capacity  at  Constant  Pressure 

d - Density 

DBP  - n-dibutyl  Phthalate 

DEHP  - Diethylhexyl  Phthalate 

A - Heat 

DEP  - n-diethyl  Phthalate 

DNT  - Dinitrotoluene 

DOP  - Dioctyl  Phthalate 

E+  - Electrophile 

EC50  - Concentration  Required  to  Effect  SOX  of  the  Exposed  Population 

EPA  - Environmental  Protection  Agency 

Et  - Ethyl 

ETOH  - Ethanol 

g - Grama 

GC  - Gas  Chromatography 

gpd  - Gallons  par  Day 

H*  - Hydrogen  Ion 

H2  - Hydrogen 

ha  - Hectare 

HC1  - Hydrochloric  Acid 

HMX  - i,3,5,7-tetranitro-l,3,5,7-tetrasaacyclooctane 

HN02  - Nitrous  Acid 

HNO3  - Nitric  Acid 

H2O  - Water 

H2SO4  - Sulfuric  Acid 

hv  - Light  Energy 

InAAP  - Indiana  Army  Ammunition  Plant 

IR  - Infrared 

kg  - Kilogram 

Kgpd  - Kiloga lions  per  Day 

LAAP  - Louisiana  Army  Ammunition  Plant 


List  of  Abbreviations  (Continued) 


LAP 

lb 

LC50  - 
LD50  - 
Xmax 
mgd 

ms/L  - 

mg /nr  - 
mo 
M.P. 
mu 

NaCl  - 
Na2C03  - 
NaN02  - 
NaOH  - 

nD 

ng 

ng/m3  - 
nh3 

NH4CI  - 

nm 

No. 

Pd 

X 

pH 

PPb 

ppm 

Pt 

R 

ROH 

SAAP 

SbCIs  - 
TC 

TDLo  - 

TLV 

TOC 

TSS 

vol 

ZnCl2  - 


Load,  Assembly  and  Pack 
Pounds 

Concentration  Required  to  Kill  50%  of  the  Exposed  Population 

Dose  Required  to  Kill  50%  of  the  Exposed  Population 

Wavelength  of  an  Absorption  Maxima 

Million  Gallons  per  Day 

Milligrams  per  Liter 

Milligrams  par  Cubic  Mater 

Month 

Melting  Point 
Millimicron 
Sodium  Chloride 
Sodium  Carbonate 
Sodium  Nltrlta 
Sodium  Hydroxide 
Refractive  Index 
Nanogram 

Ncnograme  ner  Cubic  Meter 
Ammonia 

Ammonium  Chloride 

Nanometer 

Number 

Palladium 

Percent 

Negative  Log  of  the  Hydrogen  Ion  Concentration 

Parts  per  Billion 

Parts  per  Million 

Platinum 

Alkyl  Group 

Aliphatic  Alcohol 

Sunflower  Army  Ammunition  Plant 

Antimony  Pentachloride 

Total  Carbon 

Lowest  Dose  for  Which  an  Effect  was  Observed  in  the  Exposed 
Population 

Threshold  Limit  Value 
Total  Organic  Carbon 
Total  Suspended  Solid 
Volume 

Zinc  Chloride 
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